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The  Modern  Development  of  Arithmetic 
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(MrATTKK  I. 

Illsroin'  OF  DKVKI.OPMKXT. 

I  lie  MKKlcrii  ilcv('l()|miciir  of  iiritliiiK-ric  U'niiis  -.vitli 
IVstii'ox.zi.  while  its  liistorv  .liitcs  hack  to  tlic  Ionian  (;n>i'i<>, 
>faThnMatics  is  one  of  the  olih'sr  of  the  sciences,  l-hcre  has 
prohalily  hecn  no  race  however  simple  l)nt  lias  had  some  i(h\i 
of  niimiier,  and  likewise  no  I'ace  now  existini;'  is  wiriiont  s  insi- 
ninidxT  sense.  .\ncienf  laiilets  now  deciphered  indicate 
that  the  ancient  peoples  of  IJahvlon  and   Kiiypt  iiad  roache<l 

a  staiic  of  comparativ<-    advance nt  in  maTJiematica!  learii- 

\'A}t  at  least  l', <»()(»  vears  Ix^for."  Christ.  One  of  the  more 
recent  an.l  interesting;  pieces  of  evidence  is  the  lihind 
papyrns  in  the  Mritisji  Mnsenm.  'I'his  mannscript  was 
written  liv  one  .Minies.  aronnd  KMio  !!.(".,  and  is  tlioni;lit  to  he 
a  copy  of  a  treatise  written  at  least  l.diMl  years  ear'ier.  Some 
even  I'clieve  that  the  oriiiinal  dates  hack  mnch  earliei-. 
1  he  mannscri|it  is  called  "directions  for  knowing  al!  dark 
thinirs."  and  contains  prolilems  in  arithmetic  and  iicometrv. 
the  sointiofis  of  which  formed  part  of  tin-  secret  kiiow!edi;-e 
of  the  priests. 

I*art  of  the  work  deals  with  fractions.  Iti  earlv  davs 
the.se  alwavs  presented  extreme  ditficnlty  and  their  eail\ 
appertrance  and  prominence  in  this  ancient  papyrns  makes 
one  \U\nl  tiiat  .\limes  was  a  mathematician  of  sosne  i-ank 
and  that  the  treatise  was  imended  for  mathematicians  of 
<''!iial  skill,  .\notiier  |>art  of  the  work  deals  with  the  fntida- 
mentai  processes.  Still  anotiier  with  wliat  mi-;ht  he  called 
alf.'ehia.  Ceitaiidy  the  aiuient  l-leyptians  iiad  some  idea  of 
aliichraic  symlHils.  Tiie  closini;  portions  of  the  mann.script 
are  taken   nj)   with   ueomeirv. 

In  common  witji  the  (Jreeks  and  all  ancient  peo[)IeR.  the 
l-..iryptians  made  little  headway  with  fractions,     .\hmes  dealt 
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-itiiiiN.I   iiiainlv  at    Atlu'ii^  ..i-   Al«'xan(li-i;i.        In    all     tlies4> 
schools,   however,  aritliinetic.  as   we  know   il    tmlav.   was  of 

eoiieeiii  only  .;,  it  helped   in  fieometrv.  tri<>oi letrv.   a-tro- 

noiiiy.  ete. 

It  is  of  iiiteror  to  note  that  the  first  I».M)i<  on  the  snl.- 
ject  of  ai-ithinetie  was  |»rol>al>ly  that  of  N'ieoniaehiis.  !(io  A.I). 
This  reiuaine<l   the  standard   for    l.()(K»  years. 

From  (Jreeee.  niatlieinaties  -pread  eastward  i..  tlie  AraKs 
iuid  westward  to  the  Tlomans.  Tlie  Arahs  are  also  indel.ted 
ill  a  limited  dejiree  to  the  Hindus.  While  little  is  knowni 
<'f  the  Hindu  mathematies.  ir  is  likely  fhey  i)orrowed  from 
the  (Jrecks  throiiiili  commeree,  frdlowiiiy-  the  latter's  oecupa- 
lioii  of  .Mexaiidria  and  Kiryi>t.  The  [liixliis  ami  the  Chinese 
have  always  niaiiirain«'d  a  very  ancient  exist<'nce  and  a  credit 
for  a  corres|)ondin,j>ly  ancient  knowledge  of  all  science^. 
I'hese  pretensions  are  iM'.iriniMnfi  to  1m"  doid»ted.  In  the  <'ase 
<d'  the  Ilindius  tiiere  seems  to  have  l»een  little  science  prior 
lo  the  |M'riod  of  the  Aryan  invasion.  Carefnl  investii-atioiis 
like\vi-<'  disconnt  many  of  the  |>retensions  of  the  Thinese. 

However,  the  Hindus  elal>oraled  systems  of  conipntarions 
lar  in  advance  of  any  i»revion^  nations.  They  were  familiar 
with  the  Knie  of  Three,  simple  and  coinponnd  interest. 
Jilliiraflon,  jiipe  or  fonntain  (piestioii>.  series,  sipiare  and  cidie 
root.  They  were  rhe  first  K.  rcco-iiii/c  nei-ative  and  irrational 
imndiers.  Xciiative  mimlK'rs  were  conceived  of  as  delits  or 
!iai>iliti(  s.  in  contra<listiiictinn  to  a--cis.  repre-enied  hv  |>^.^i- 
fiyc  niindcrs.  They  also  empl..y,^|  the  idea  of  direction. 
l)ire<-lion  to  the  left  mi-ilit  lie  n  presented  hv  n  iie,uative 
niimltcr  if  direction  to  the  riylii  \\<.i-e  rcproeiiied  l.v  a  poi- 
livc  nnmiier.  D.itli  ihc-e  ideas  are  iis,-d  l,y  rcj,ch('r-  to.Iay 
in  e\|ilaiiatioii  of  neiintivc  mimhers  in  clcnieiirarv  ali;i'l>ra. 
Al-elira  wa-  the  real  Held  of  the  Hindu,. 

The   Araldc  dehi    to  the   iliiidii-  ams,.  tin i:li  a    Hindu 

cholar.  whowa-.  called  to  iJaiidad  nlM.nt  77:!  A.D.  it  i- 
luulialile  that  the  Iliiidii  niimeraU  came  at  the  same  time. 
';'"  i'  i-  I"  ll"'  (ii-eik^  that  the  .ual;-  are  mo>tly  indehied. 
Snch  works  as  rhoM'  of  Knclid  were  tran-lated  into  Arahic 
il  alidiit  the  lime  when  tlie  Hindu  intlueiice  wa-  heiii-;  felt. 
1  he  first  Aral,  arithmetician  made  his  appeaianc<'  alx.iif 
*"'!•»   A.D..    Imt   lie   wa>   more   interested    in    astroiiomv    than 
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iiniiiU'r-  .M^ciipicil  ail  ini|iurtiiiit  |.liicf  :il.>rii;>iilc  ,.f  iil^-i.ra 
iiiid  fiVMiiicfrv.  TIk.  lift  of  ciilciilaiiiif,'  \va<  ^n-adiiallv  iiiinv- 
(liiccd  iiiln  flic  clciiiciitarv  and  trade  >c1i.m,|s.  while  tlicVliiirch 

'""'.-'"   "'I Jj'>   t"  <'iiai>lc   rile   priests   tn  cniiiimte   the  <.cciir- 

reiiei's  (if  reiiiiioii-  da_v~. 

Ill  tlie  twelfth  ceiitmw.  Arahic  niaiiii-eript-.  were  traii- 
liiled,  and  Arahic  and  Iliiidii  niethud-  l.ej;an  i..  yain  a  foot- 
lioM.  Tlie  ahaciis  wa,-  discarded  for  the  priiicipic  ..f  l,„.al 
value  and  the  /.c,;,  ,,f  the  Aral.s.  imt  ii<>t  without  a  loinr 
strim^iile.  'I'he  -(di.M.I  oppo-ed  to  the  ahaeal  coiiipiiii'.  ion 
i-ecaiiie  known  as  tli«'  ali-nri~tie.  and  was  a>M-te.|  inateriallv 
K.v  liie  Italian  seh.dar.  Leniiardoof  I'i-o.  also  called  FilH-.naci. 
Jf  wa-  well  into  the  middle  of  ihe  tifteenih  ceninrv  heforc 
the  ii>e  ot  the  lliniln  niiinerals  was  iicneral  in  Kin;land. 
1'  raiice  or  (iernianv. 

Reference  should   I.e  made  to  the  forniatioii  ,,f  the  llaii- 
seatic    i,<-as:ne   in    the   thirteenth  ceiitiirv.      '|"lii-    reunited    in 

^'■1 '-  Ix'inu  c-iaMi-hed  where  arithmetic  was  the  chief  snli- 

.)•■<•'.  I  his  was  nece.-sarv  owine  to  the  ever-increasin;; 
deiiiainN  of  commi'rce.  f,,r  whiidi  the  arithmetic  of  ihe  <'liiircii 
.-(•hooU  wa-  wh.illx  inade(piate.  In  the  I.eaiiiie'-  -(diools  the 
ariihmetic  was  eniirelv  coninwrcial  :ind  iinsiiitcd  to  vonnir 
(diildrcii.  and  conxMpientlv  not  taiii:lir  to  them. 

I  lie  Renaissance  i;a\e  iin  impenis  i<,  the  leacdiiiii;  of 
iirithniefic.  and  from  this  jieriod  arithmetic  a>  we  kii<iw  it 
today  diites.  It  was  lar-idy  coloured  l.y  the  arithmetic  which 
the  (n-eeks  hn.iiiiht  with  them  from  ConsiantiiK'ple.  promi- 
nence hein.':' fiivcn  to  the  tlieorv  of  •iiimhers  and  jicometrical 
des!uiis.  The  invention  of  printin-  made  hooks  jiossihle. 
iind  helped  to  detinitely  fix  Hindu  numerals,  which  fact,  of 
(•oiirse,  made  arithmetic  more  |)opidar. 

Itetwedi  lo.'.O  and  Kir.u  the  common  symlx.I-  of  opei'a- 
tion.  such  as  we  have  rlieiii.  wore  invented  and  e*tahli>hc.l. 
Prior  to  this,  all  statements  of  <,peratioiis  had  to  he  set  out 
iU   lenoth   in   writinir.      Ahoiit    the  middle  of  the  piahfeenth 

cemiirv  decimal  fractions  1 anie  tirmlv  estahli-hcil.  and  with 

tlu'ir  estahlishment  hiisiness  arithmetic  was  niiich  facilitated. 
The  present  methods  of  nmltiplication  and  division  also  owe 
their  exi.stence  U>  the  inii>roveineiits  inspired  hy  the  Vew 
liearning. 


^\  I'll   flic  iidvciK   ../'  il„.    M;.    ; 
...  flia,  ,inu,  ,r\,u.,.,  ,,     .  ,         "'     '"'■'""«   "'•'tlu.K.fi...      JViCr 

■'"-'■' n..,-:::  ;!''^;-;'' f •'••-' v.^„.,tb.ai«u!; 

,""•  ''-"It  "-.s  ,|,a,  uvUluui   i  .    *  ""'■  ''"'^  "■J»«t.s,K.v,.r. 

""■;■•'  -'•'  l''-'"l  in  "rl       ..        Vl':'"  '■"''"•  ^^■^"•"  "'"""^"'- 
•""''•"I"''--     A.Hlfor.n,  .   In.  1         "  'i'^''"^^'''^*^''   '>>•  n-a,-},.,, 

•".■ii;.s  /,.,.|„,  "-"  "Im<'<--.I   „>  o<.<,,..io,.allv   l>v  s,,,.}, 

-'"■-■..r';:::;:::;;.rr,'';r  ^r'  -  "*"^^  ^-^  <>''«'---. 

•^>'<"l-.r  ..„„...„„,   „.,,     ;  '      ;  ^^''"-J'  b^><'ame  very  |x>i,ular. 

-•-'"■' -;:::.:■ ';''r.nc;i'''''^        •"■'-- 

""•fl  -'-<■ -LiM  n.„|.|    ,    ,    "v  '"^   '"V"'^-""'-   it   was  .|,.lav,.,l 

"■'"-">• -i-n  ri...  .■ ■Li^z:iT''"'''''r^^^'> 

;"'^-  j''<'-.,...an..j;u:'h  ,l;;''''r•"'■'^'«■''- 
'"  •^'"  ''"•'"•  I>'-in..rv  ^  ;;;""■  '^r-  "'"^'  •<-  '^^  on^l,. 
an.l   ninnlKT.  '     '•''''"  ""'-^  "'•   ta<-„lrio,s-.o„„,I.    fon,. 

7  »^l':;r:;:;;;i:;:;i:t::''^;r™^'' '■''"'■'••-•''''-■• 

wf'"n  innolu  ;,r  ,.II  i„  ^.i,,,u    u        7  """'  P''>"''iple.s.  and. 
"'"'"  ''"'  l'"f'''n<..  an,|  .rHTo.;    ,f  "f  "^  "■''nie.ulons  demands 

HI 


I'li.liT  Micli  imciIhpiU.  it  wji-  iiui  tiiii;-Iil  U'Tui-c  ilic  iliii',1  ,,r 
f'.Mirlli  vciir.  Iiv  wliich  time  the  child  w.mlil  lie  j|l»|»'  lo  nad 
.111(1  write.  I'cstiilozzi  would  rclcjiiitc  written  jiritliiiietie  \i>  a 
h\ur  period.  Imt  would  liei>iii  orid  iiritliiiie»ic  iimiiedintelv 
ii|M)ii  eiitrv  of  tile  ehild  into  seiiool.  |  i  thus  iM'iiinniui:  iMiiniwr 
wiu-k  eiirlv.  l*e«tido//i  uiiuiiiiiiiied  he  wii-  iiieetiuii-  th<  le^rili- 
iMiife  desiro  ut'  the  <-hildreii.  who.  he  de<-liired,  liked  iiiini- 
Ih-I-s  il<  well  J!-   thev   liked    letters. 

I'es'ldoz/i  |)liiced  stroUji;  eliipiliisis  ou  |M're<>|(tion,  I.e..  the 
ux'  of  ol>|eei>  ill  devclo|(inji  the  imniher  x  n-e.  I'liis  wii« 
Jiiit  jtiirf  of  his  <>:eiieriil  enuiieiatioii  ihai  m-ii-c  iiii|>n— -ion 
was  th«'  iihxtliite  foiiiidiitioii  of  all  kiiowlecluc.      The  a|i|ilica- 

tioii    wliieh    he    made   of   ihi^    |iriiiei|>le   i iniiier    leaehiii!:' 

r<'vo!iitioiii/.<'d  the  chiiraeier  of  the  in-inici  iou  tjicn  in  \omie: 
and  the  exeellciit  result*  wliieh  foljnwe.l  his  leachiii-i  were 
the  adiniratioii   (d'  the   luany    visitors   to   his   schools. 

An  e.Naniiiiiitioii  ui'  Pe-.taloz/i">  wriiiiii;*  and  iho-c  i,f  his 
ininu'diiite  follower-  would  indicate  the  following;  a-  hi-  lead- 
ill};  contriliutioiis   t,,   the   -uiiject   id'   arithmetic: 

I.  He  wotdd  have  |)U|»iIs  ■•think"  in  their  nnmhcr  work 
and  nut  niereiv  iiu  niori/e  words,  rules,  etc. 

•2.  lie  would  hiive  pupils  liaiii  their  tir-t  numerical  ideas 
h.v  means  of  ohjective  leachinji.  Then  they  >i.onld  pa-s 
t<»  reiireseiitatioiis  upon  ihe  lilacklH.ard.  In  tlii-  wav  lie 
hojH'd  |)upil-.  Would  iira^p  niimher  in  its  al.^tract  (dianicter. 

•"5.  .\umlier  work  should  heiiiii  when  ihe  child  eiiitrs 
Mdiool.  The  nature  of  ihc  ireatnieiit  wa-  to  U'  oral,  no 
written  aritjimetic  to  he  taken  until  the  niimiier  -pace  I  to  Id 
had   heen  covered. 

4.    The  pnK-e>-e-.  >iioul(l   ikii    he  taiiiihl    >imiiltaiiennslv. 

.").    The   work    wa-   to   U'  (dianicierizt  d    Kv    liiuroujihiK— . 

•  !.    It  mii-f  lie  correlated  ar  every  -ta-ic  with  lan,!riia"'e. 

7.  I'estalozzi  i>ave  ariihnieiic  practically  the  foreiiio  t 
place  in  s(diool.  .Vs  traiiiiuii  for  the  inind.  he  considered 
instnictinii  in  arithmetic  uiie(pialled.  particularly  oral  aritii- 
nn'tie. 

The  inriueiices  most  felt  v.cre  periia|>s  the  idea  of  -cu-c 
perception  as  the  Imsis  and  formal  discipline  a>  the  aim  of 
instruction. 
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I  >  I 

"'•••"  '■•'•''^''i''''Hl'NMt^^,];;r^  ''"''"'"'•  "'"<>i.^  urlton. 

;::  "'I- "- ....- .  J.jji  ::"'"^^;;  '•••"-h-.  Tini-i.  .l 

^^•■-■'1    rli,.  .I.K.tri,,,.  ..,•   ,  '•''""'•      -^'I'-'Ikt /ulIou-.T   T.irt 

''7;'-''  ;'l'|Wi..l  nunJ.,..!        ,^'  7'''':'-^-  -•-■  nu,...sri^ 

,,,  '    10  I  ofiiiozziiin 

""'■  '"<'flio.K  iiiir.Mii,,.,,!  I.v  P    >   1       • 

''•''f'<"'     ..f     uhivh     ai,,„..,,v.i^  -^ '■"'"'"'"■'••  tli..  first 
^■'"'nitiun.  •        '    I"  ""...>    ,.,..rli,„|.    f,,,    „,,,/. |' 

«;:";...h;<.  .,,,„,,,,,•;„  jm/,  .'-'•^■^^'-  .  nisw,.,.kin 

--.        In  a,,v  event,  his        -k,  till" ">"  ''''  ^'''  J'^'-'-^'- 

tie  unsvsten,atic  teachings  of  ,^:;i:;^^  '-im^u.  ,en.   ii 

Jiii^  i>ooiv  Jiiarked 
12 


n 

1* 


f 
I 


■"."   'r'"-!'    tn    nn..il..T    [.•Hrliiii;;    in   (Jcnniuiv.    „inl    i|„.   a,!.,,,. 
ii"»i  nt    tl„.   mm'IIi.mI    in   Cnuhhi    aii.l    tli.     |-„i,,.,|    Siat...    w,h 
^im...  pncnil.         h,    ta.-l.   .   •.■.■|.,    wi,l,   ....liditn,.-.!    farlwr, 
in.-  (,n.l.,.  niMli.Ml   „  ,1...  ,.,„.   ;,,   „.,.   „„|,,,    „.i,|,   |,„,    ^,j..,^, 
<iMi»Iitif)iiiiiii-. 

(inil.c  .li-ni".  ,1    tuiir   vcni-'    wurk   milv.    \v il,,.   .j.,,), 

v«-«r  ,  .  til.-  i.-utii.        Til.-  i.i f  ilii,  ,„.,-i,„|   „,,«  ;,   ,|„.|,,||.,|, 

kimwl.-,!-..  nf  il„.   Inii.linn.iiial    nil.-  ami  .-,.iu n   fi-a.-ii.,ii.. 

««..!.  .-I-   an-  I,,  Im-  ii^.-,|   I,.  -,.,.,11-,.  i|„-   iiiiiirl,,r  n-lat  i..n«   iiniil 

liu-  .-liiM   i>  al.l.-  t..  i-.-|.i-...|ii,...  fh.-s.-  wifli.Mit  ..l.j(-.-i>.      (;,iil„. 

hiiiis.-ir  was  ill  lav. .Ill-  ..f  a   |.r..l..ii-.-.l  iis,-  ..f  .,l',j,.,-ts.  lait   lils 

iol|.,u,.|-,    .-,n|,l,,v,.,|    tli.-Mi    Willi    i,i,,n-    iH...I.-i-aii.,ii.        (i|-„|„. 

M-..i,l,l   r,,„-li   all   111.-  |.nK-.->M-s  si,Miiliaii.-..iis|v   a-  aaain-i    tli.. 

.•.o.-.-riiiiy,.  oi-.l.-i-  .,!•  l'.-tal..z/i.        Tl.i.  i.  ....Msi.l,.  ■,.;i  |,v  ,„„„. 

/..  Im-  (.i-iiIn-  s  ,.„ly  .-..iit rilMit i.„,  an.!  iiii...  at iu,,  „„  rli,-  ni.-fl.o.ls 

'•f   I  .■•■iiil..//i.  Im..v..ii,|  jiiviiio  ,.M,.M,|,.,|   li  t,.|-|.n.|atiui,,  i-,  ,.,.r- 

/imh  |iriii.-i|i|(.,  ..f  tin-  ma-i.-i-. 

<inil«'>  yen.  ral  plan  wa-  ili,-  tuiii-  .■,ii,.(.|iiri.-  ,-ir,.|,.s  .||..-- 
.?-'.-r,..l  .ai-li.-i-  l,v  K,-an.-k..^.  Tli.-  tii-M  v.-ar  umiM  ,.|„l,n..~e 
nil-  jiiiiiil„.rs  I-IO;  th..  s.-c.ii.l  v.-ar,  1  Kmmi-  tli.-  tliir.l  v.-ir 
tirst  lialf.  I  KMMI ;  til.-  tliii-.l  v.-ar.  s,-.-.,m.|  lialf.  1  t.,  miinlH-rs 
in  ^.-n.-i-al.  Tli.-  tuiirtli  v.ar  wa>  t.,  1,.-  ,|,.v..i.-,|  t,,  ti-a.-ti,.iis 
In    111.-   Hi-st  .\   ai-   tli(-  sfii.lv   lM--an   with   tin-   niinil)cr    1. 

I>v  ill,.  a.l,liti,,n  ..f  i ili.T  I  w.-  liav.-  -J.  ..t,-.         Ka.-h  iiiniil..r 

IS  .-..iiipan-.I    Willi   all   imnil..!-..   ihal    |,n.,-,.,|,.   ii.   an.l    n.>   n.-w 
iMiinl„-i-   is   n,  |„.  taken   ii|.  hcf..!-,-  tlio   prcccliiii.-  nnnil.c-r   is 
rh..r.Mi-liIv    n.a^t.-i-.-.l.         l'„,,il,    an-    t..    U-    a.Msi,..|    i,,    th.-ir 
irrjisp   ,,t    ,mnil..-i-    i.l.-a.    \,y    ih,-    ,,.,.   nf    l.l,„-k.    iuaiii|.nlai.-.l 
hy  til.-  l.-a.-lu-r.        Tli.-  t.-n.-li.-i-  li.,l,U  ,||.  ..n>    l-I.M-k  an.l   a<k> 
ihr  |Mi|.il-  li.,w  nianv  hl...-k.  la-  lia.  in  hi.  han.ls.        H.-  iriv,... 
ijw-  l,l,:,-k  Iu  nil,,  t.,  1„,|,|.       Thi^  ..IM-  |.a>s,-<  il  l.a.-k.        \Vhil.- 
aii-    1-    -..ino    ..n.   <|ii(-sti.,ns   an.l    answ<-i->    an-    h.-iiii;-   .-arricl 
*  n.   Ill   wln.-li  ^r.-at  .-an-   i>  t'.\.-n-is,.,|   that   all    pupils'   stat.- 
n,.-n|.  an-  in  o.m..|  n,iiip|,.tf.  s.-iit.-n.-c-.        Th<-  t.-a.-li.-i-  w..iil.| 
fiu-u    .li-aw    ih.-    i.|,H-k    ..n    tlu-    l.la.-kh..anl    an.l    .Mi-i....t    that 
jnsf.a.I  of  the  l,I.H-k  tlu-  vcrti.-al  liiu-  ,  1..-  wi-iti.-n  i,rn-pn-..-nt 
thf  niiniiK-r.     (iriihe's  i.k-a   hen-  w«s  that    the  i.upil^h.xil.l 
pass   tn. Ill    th.-  ol,j<.,.,    t..   its    pi,.t„n'    r..   th.-    st'raijrht    mark 

^bsfrai-f  and  thoii^'ht  ..f  apart  tV.>n,  the  bl.K-k.        X.-xt  .•anif 
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fill-  (i^iin-   I,       i„  „||  ,1 

;' "' vr/;'' i"  ti..- .Jh!  ::':.^  ^    ".in«  .1..  ...„ 

""■  l-'ii.-li..,-  MOW  ...«         ""*"><l",v  n.„|,,„.,. 

;''■•■'''•'■'''''"■'''''•'•  1-1  iKHL^n;;;;:''^''-'^^''-  '''-''>i-u 

'^■«'  '^v"  '.l.j.M.,,  ,,„,,      V  "  •  •("•<>r...n,.,|  ,.,  I.,.  J         J; 

,/"/;*""'"'■•'■    n..  „,„.,,;,, ,,;,;  7'"-'  "V':"  i-"  <•»,.  m^i 


L.J     iUKl    □     ,„,,|.,.    Qj     Q 


'    •""!    !    iiiake    I   | 
lie  fi^niv  L>   is   ,u>w  oiv,.,,       I.,,,.;, 

"■«^'"<'--    Tiu.  i.t  *;,'    :r':'''-'-'iu.u.. 

<^-   -Jlow  ,„„ny  2-8  Lav,.  J  '" 
-^-    "loti   }i,iv,.  on,.   2." 

?■  ;;{!""•'""">•  rimes  l,av,.  I  .>^-. 

•».       Ul),.   J    iililk,.s    -J." 

'."'"'  '''•^••■I<'|>'ncnt   „f    fi,.  .    .,.:„ 

'•-•-""■  I'ari.......    Th.    v'''i';''T '''••'•'"^•^''■'••''<--- 
.       "'•'•<■   follow  ;,    ,,',;,.,  ,./        •    .      ■'"'"  ■""^'  is  IV.l,o.i..I 

•^•'•''''*''- --''--"  vhiTT' 'r''"^"' '^^  ^ 


■—  ,if   -if    • 


"^^^V.  i:'','^.l.<^S>$^^¥£ih^:^^]^Sit2Hffim£"3^ 


ji!-:    I''n'«l   liiiit   twn  cnitM   iiiul    s|M'iit    crnl    Imi-   .•Imih,  . 

ilow  iinirli   had   ill*   left  { 

Till'  Miiiii-  iiu'IIkmI  is  fullownl  wiili  ili..  .iilin-  niinilHt'. 
Kit  iii!.tum'<'.  tin-  iiiiiiiU-r  i'»  i-  sindicl  caictullv  ami  ili 
fi.llmvinj?  n-Im'Iik'  mI    up  on   tin-  lilacklM.ard: 


0  1 
0  I 
0  I 

n  I 

0  1 

u  1 


I +  '.+1  +  1  +  1  +  1-11 


fi_l_l_l_l 


t 

I  =  1 


002        2+2+2. 
002         .•{X2=ft 
002         ••.-2-J  = 
(i-2  =  :{ 


tt     (2+2-  >;  4  f.'-fi) 


oocw       2x:j=« 

(KKK)  4         4+2  =  fi     2+l=»\ 
tK»  2         lX4+2-t) 
<i-4=2 

rt-^4  -  1     Mill]    I'lMIIMilKkT    2 

00000  ')      .•)+!  =(i,  1 +.-.=»; 

0  1  IXo-l  =ti 

<■.-:.  =  I 

(>^.")  =  |    niid   ifiiiniiidiT   I 

f.  =  r,  +  i,  4+2.  :i+:i,  2+4.  1+.") 
r,  =  (i-l.  4-1-1.  :{-)-•_>,  2+:i,  2+1 
4=H-2,  .-)-l,  .•{  +  !.  2+2,  l+;{ 

3=r.-:{,  .-,-•_>.  -t-i,  2+1.  1+2 

2  =  «-4,  .-,-.{.  1-2,  :i-l,  1+1 
!=«-.-,,  -,_4,  .4_:{,  :{_•_!_  2-1 
fi  =  <".Xl,  ■5X2,  2x;{ 

;i-}x« 

2=5Xfi 
1=0X0 

Othfr  coniliinaiidTis   niav   hf   set   out   I)v   the   ti-achor   if 
flic  s<i  <!c-irt  >. 
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' \-'' - it.:;,:  :,'',•' •/••"-'— 

;"'•'; '  "^ "-  .1..,;..  ,•„,  „.; '^;;r''  """■'•'"^^  ^^r.-ri,,,,  „.. 

•'^"";'  I'HI'.ls  „,,v  n.„   M..,.,|   ,|,„„         ,:'""•'''     -— i..t   ..II. 

'•"".'^•"  '•'• 1-i.M,;  \vi  i  '  I   '""■'^' '"'  '•""•^  ""•  '"""I...- 

♦-p--'in..l».n,   inn.h   „    ;^r^ 

"MKhvIs  ,,.,.nv,.  r  ,o  SUM,.  ,  ;■  ''"'.■^^"l-'-        The  ,H„V 

'•^^   'li'l    in   .he   tir>r       ./,'•'•■'''  ''^'^i''''-i'lm.l  n,„a- 

•    '"•      '"'■  '••^inM|,|,..    lake  400- 

4(K)-I0()-|0O-l(K)=,fK» 
400-100=  4 
2(0+200  = -too 

-'X2(X)=t00 
400-200  =  -,)0 
400-!-j(K)=     2 

:iOO+UK)  =  40() 

1'>0+.J00  =  .1(X) 

1X.'«H)  +  IOO  =  .|00 

400-200  =  200 

400 -.'{(HI  =  100 

""-      I  .111,1  remainder  100 
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he     l«lllllVl>|.     nt      llllllli 


iiiiM  r-    wii-    iiiM.t    ili..r<.ni.|i.    | 


ll'!H-|  U-f 


ixMijL'   jiiVMi    III    l.riiikiiii.    ii|'    iimiiiIm  r-    i|i 


:uui 


:i<i(»-f  CI  I 

iMI-f  IM) 


:i  -ijo 


■.Mii)  +  liM)  10  ,  :ti; 


•■»<  f    -'I 


JO  -f    Is 


ftp. 


rtr, 


It 


'"■'"-  ''"•  -"■•••""I  liiilf  "f  'li.    MNir.  ill,.  I •  tiii„li,MM.Mi„l 


IMllr-    III    il|p«lnicl    iilhl    iMilMTfli.    llllllli 


lllH'|-«    writ     c-u\..rf.|    witlllli 


""'iiiii"''l    r.iu'ii:         Tlir   t'..niiiil   iii-.K-...,,-   w.iv  ,.\nh,.,|   h 

illl'l     |MI|.iK     \\(  ir    cjlliiil 


lie   Work   «.(    ih,'    tMiiiiii 


ll|ii>||     Im    i'\|i|!ill|     .11     ii||\      tillir 


Ilnll-    mill     Wil  . 


.Vfi"'    «ii-    i;ik(ii    ii|i    Willi    III 


III"-'    <\liiiii-ti\i 


I  111'  iil"i\c  ivviru   (.1'  (IriilM*-.  Miiiliud   iiji-  Lri'ii   liri.t'  Kill 

|l(||lil|lS      .•Ml|||lic||.ll.i\(.       CllMllyll       Id       .||,,«         il^       0,„„|        ;,,„|        |„„| 

fV     llll-    <!uMr     llllli'll     In    |Mi|Mllill'i/c     tile 


|milll-.        l*lntV».n|-    Sec 

""■''""I      '"      ll"'     I"llit<'-1     Stilt. •-     illhl     Cilllil.hl.     illKJ     Mil..     .Mllllut 

''"    I"'",  r.    In    \>\i\rt'    it,    o I    tViitiiivs    JH.fnrc    til,,    ivihlcrs. 

|'_''"'     '"    '|l 'I'"'     :iil\;llil;iu;.-,    cl-iilii..!     Ii\      S.  .■li.x      ||i|iK|.|f. 

'I'll.  V   iiic   ii  ■    t'liilow-: 


I  I      It    IVc(.:;iii/.,|    ill,.    |.-\rlii.|,.i;i,ii|    I;..-!    [lun    |i,.j,|.jv    all 
til.      kllnwi.-di;..    .,l,lilil|..(|     I.V      III,.    cliiM     ill     i|,    ,.||||i,.st 

Vfiir-   i-    li\    means   of   tlu-   -fii-cs. 


{■2>    .\>    ii 


II. .Ik.-,    ill.     tir-r    vcai",    \v.rk    :i    -iii.lv   .,('    tli.' 


Illllllh.'l--     I      111.    it 


a\s  a   S.I 


lii!    t'niiii.lat 


I. III. 


( :! )    Tli..  (iiiil 


ill.,  nii'tiiiiii   ii]., 


i^i-..  -..s  :;ra.|iiiill\    iiinl    natii- 


rally    aci-i.r.liiii;    tn    ili,.    aliililv    nf    i| 


(i!     1 1    il 


.■\.'!ii|i-    111..    iii..|ita! 


II-    .-lllld. 

|i.i\\(r>   fvi.iily    ,'iiii|    ill    al 


lir..ctiiiii- 


( •'• )    l!i.  iiiciit; 


rv      l(  IK.Jlllli;      lit' 


iiiniiliiT    ,|iiiii| 


t  mi 


II  iii.-.rviiiioii  ;  Iff.  Iiritrr.  il  -liipiiM 


iliirc.'il    t  I'l 


filing-. 


Ci)     I  lie  (Jnili..  iii..ilii,il  iiiak.-  til,,  i.ii.-liiim- , it'  llllllli 


KTS 


:ili    .'V....!!.'!!!    !:!!!t:!ni; 


i.    li'-.-mi. 


(7)    Til.    ..liil.l 


iicinir.-   ilic   lialiii   nt 


i-ln-r    'ili-..r\iltliHI. 
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«'t3?ScSfB2^'»>!iC^iF'''lil^'!^X^ 


fS)  T.  ,I,.„.1„,     „,„!  ,,„,,„  , ^^^^^^^.^^ 

«••'"-'-.-''„  Willi: 'I;  .;•'••  ;;'''''''V^  "'•"■ '^'^-^ ''"^ 

''••'^••->„,..,,  r   i;:^T■"r''••'''^- 
"*■  '"•'■''"'„.,i,..  ■■!•,.  ( ;„;,,"''■"'■'■?'  ""'^  '"f"  '1'"  tic'M 

r! -•■"" -;  i:;; .^:'  ;;,r;ii:'';;;rv'V' •'■ 

;"r'i.-"-.ipn,;;,l\:!:t""'' -■'"■'■ '-.•,■ - 

'"'•«''l  fill'  tnic  ,..^,.„         ♦•        •','^-        ''<••   "t   coins,..  nv.T- 

.1.,.  ..n<,...  '^    •""'    "'='^'".-    f'"'   -I'l^"    fMn.isl.,.,1    l.v 

l.-.v<.u,l  „.,,.       Th,.  ,1   '  ,                       ■■'■"'■•  ••'"'''"■^-   '"""'-'> 
^^•'"l''    '!-.■    -'.-.   .n.l    -,n'  ,,.;     "■  '''''■•''  '""""   ""'^  '"  "'anv. 
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« 
J 


-^•iisc.  Stu'h  work  (vinnor  arouse  iiircrcst.  an. I  afteiitioii 
must  Ik-  forced.  (iriiUe  reeogiiized  rlie  liiuitafinns  whicli 
3lii-  liiiiire.l  eirele  iiii|H)se(i.  l.nt  he  flioiiolir  the  thoroiijih- 
»!»"->  (if  tlh'  •.M-oinidiiiji  provided  would  euinpeiisate  aiiipiv 
U>y  jlm>  tlin.rrlin^  llic  jimwtli  of  imiii'l)er  ^eii-e  jir  \\-  vcrv 
-Mtill'ec. 

In    lie-iiiiniiii:    witli    ilie    iiiiiidM'r    1.    then    pa^siiip    lo    _' 

thru   \i<  :;.  etc..  after  a   ( plete   inasterv  of  each,   the  pro- 

*-«diire  iiia.v  a|.]Mar  ri^idlv  l(.j;ical.  hut  if  is  doid>tfid  whether 
JIh-  mind  ..f  the  child  worl<>  this  way.  .>[ii>t  the  child 
t«-:ive  ilie  iiuiiilH'r  ."..  f..r  Insraiice.  -trictly  aloiie  mitil  he 
li:is  mastered  -J.  :].  4  '.  Vet  many  of  hi-  oiii-of-<(diool  experi- 
■<nr.s  jire  ass.H-iafed  with  the  idea  of  .■,.  The  mitid  works 
from  within  hirj-e  whole-  ;ieediii;j-  measnremeni.  and  iioi 
iri  ihi-  piecemeal  fasliion.  i.y  the  adilitious  of  a  ti.sed  unit. 
<n-iiheV  mitho.l.  in  fact,  is  on  .,  p.,,.  with  tlie  synthetic 
method  of  iijichiini  readinii.  still  in  vomie  in  loi,  manv 
fdsKes. 

\\  liy  (m'uIn'  -honld  depart  from  I*e>iaioz/.i's  con-eeni'vc 
-.rder  of  the  four  fundamental  |>riK-c<se^  to  the  >imidtaneo'is 
Sivaimeni  can  only  l,e  e\])|jiined  on  hi-  imwarranted  exten- 
.-'■«|n    of    tlM'    sense-perce|>tion     principle.         When    stmlyinir 

«'«i.i«cts.    why    not    make   the   study   c plete   and    neglect    no 

-f^ide  of  the  imndier  idea  ^  .\nd  he  evidently  assumed  that 
51 'j  tour  processes  w<'re  of  e(|iial  ditticidty.  an  assumption 
wiiirh  jiny  teaehcr  of  ex|ierience  knows  to  i.e  ill-founded, 
fvtn  apai't  from  psydiolooical  considerations.  'I'his  resiilt<-d' 
in  ;!  thoron-hness  alto'ietiier  forei-in  to  the  (diild  mind,  and 
it  e;..-,.  .-.pi.lication  of  his  nietho.l  deneiieraie-  into  a  j-ir,' 
'■"'"'""■  "t'  niMiiorv  drill-  and  i-  nt'tcrlv  dead.'nin-.  A 
•  m-rc  ,i;!aiic..  at  the  lav-o,u  rcpiircl  l,y  Ihc  (irnl.c  mnliod 
i«v  e.-ich  nnml.(  !■.  -ay.  C.  e^po^,.-  a  ma-  of  .jciail  -ntficient 
to  wamp  any  clii!.|.  liowe\-er  >inrd\.  .\l,,r<'o\er.  experi- 
iri.-nral  p-ycholo:;y  ^iv.-  resiili-  eoiifrary  t-  ihi-  simiihaiicou.- 
J'''="""''i';  'r  >liow>  ihat  the  -mailer  the  numi.ei'  of  lial.il- 
learmd  -i'linllain  (,M>ly.  ilic  more  rapidly  «il|  each  of  iji,. 
!';  Iwl-   lie   l(  arned.' 


I 


'  "'^"W''''i"iis<.f  Modem  .S<.iciic.co,u.(.r„ini:  IMii.-ation.  '  l.v.T.-iiniiii:- 
"ais<iii,  Mi.ycr  anil  1  honias.  '^  ' 
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^>'|.i<'<Ti..„   niidii   ill.,,  |„,  ,.,"v„i   ,     ,,      .       ,. 

'"'"    ""-    -'lu'l     :;nr-''or        •^'-'I.pl-nu.vl.,.,,lvi.|..,f 
"■""'-'    I-   '■nlU-.l   .L-thiul     '";.';"'•••  /""-:'-'""^    f    (^mln.. 


11)      lilc     -;,, 


"■    'ill     ~;iiii('    -III  <.    i],.,r  I         .         •'    "iimiH'i- 

'''ann,lnr„l:       V,:X^  f  .   ..nh 


'•'"■""""■'•"'   '"  rhc  -i„,|v  of  f,,„. 


tion*. 


<'II.\I'TKI{  II. 


N'AMKS   AND   AIMS. 

Aniliinctic  i-  r],>M'\y  rcliitcil  t(.  ..tlicr  hniiiclK  -  ,,(  iiuulic- 
iiiatics.  cspcciiillv  to  ..<.(. met rv  iiiid  iilj>cl)fa.  -..  ,li;,i  ji,  ,|i^- 
«•!  nii.sr  the  viihic  ,,f  iirirlmiclic  as  ;,  x-h,,.,]  >rii.lv  uv  .Imll 
iKvasionally  use  the  lai-cr  tcn.i.  marlicinafi.-.  ;ii,.|  Mn■^■<■v 
the  hiritci-  rifl,l  \diicli  this  UTiii  ,MiiI)rac(.s.  |„  ail.liti..'ii 
to  the  advaiifa-ics  in  tliii>  rrcaliii-  aritliincric  in  its  hv<nu\ci- 
rdatiuns.  (•..nsidcral.I,.  r(.|.,.titiuii  will  l„.  av.,i,lf.i  in  Chap- 
tor  \,  where  arirhiiietic  is  .lisciissed  in  its  relations  to 
j;e(nnetrv  an<i  ali>cl)i-a. 

Tn  ajics  pa-i  the  aim  of  arithmetic,  when  tandir  at  all 
t.'.  the  yonn-  was  largely  ntilitarian.  This  wa.  iriie  in 
Cliina.  India  (where  it  was  seldom  tau.dif  at  all),  and 
anion-  ihe  .-arly  .Mohammedans.  Amon-  tradin-  peoples 
It  was  essentially  .o.  The  (hvek^.  if  we  om-'r  I'l,..  phiio- 
>oi>h<'rs.  had  hnlr  „,,.  f,„.  ,i„.  ,„|,j,,.,  .  ,,.|,i|,,  |.,,,,,,.  j^ 
\va>   re-arded  as  nsefnl   f-.r  its  prai-fieal   valne. 

Ihe   early    pliilos.,pher>.    howewr.    >aw    >ometiiii,o    more 

lo    .soon.    Plato   and    ot]ier>    then-    was    in    mathenn.tirs    a 

valualde    traunnii-   for    the    min.l.        This     asp<rt.     Iiowev.r 

n'<-'Mved    l.Mt    htfle  .•o..-i,leratiou    in    Western    Ki>rope   down 

tl.rou.l.    the   middle  a»e..         ]iy   ,h,  ,.|.,s,.  „f  the   eighteenth 

<'<'>H'i''.v.   hoNvevr.    the   practical    an.l    disciplinarv   valm.s   nf 

arithmetic  and  matliematics  ocnerally  w..n-  Hrmlv'otaMished. 

Other   and    -e.'.aidary     rea-oiw    f,,r    teaciiiiio-     ariilmietic 

app<'arcd    from    time    to    rime.        I,,    the    >ixteeiith    cmnrv 

irwas    UMd    l,y   some   as    a    display    of   kiiowled-c.    aii,|    niie 

of    th..    tamoii,   arithiiK-tic   text.   ,,f   the   time   eniiilov-    unite 

early  m  ,ts  pa-es.  a  nnmi.er  of  ..l..v..ii  di-ir^  for  maiiipulation. 

It    was    durum    the    >anie    period    that    {{..curde's    -The 

WiietMoiic    ,,f    Witte"    wa>    wriffii.        An    examination    of 

the  pn.l.lems  contained  tli..rein  indicates  that  aritiimetic  was 

h.'ld    in  hii-h  esteem  as  a   sharpener  ,.f  wit   and   as   makiic 


one   keen    an,l    rca,! 

tlOlls 

aniplo    1 


arc  ],uxy.\os,  ol 


y    "'   iii-friiiiii'iii.        M 


o<»iii     f 


>.-KMirc  offrn   in   ti 


inv    ,,f   tlic 


onc'oiir{i,i.(.,|  on  ,] 


f""    « raiment. 


"'"■  iitcaninjj.   I 


(|U«> 


ciUt. 


MS  jicconnr,  and  1 


Vritlinuric 


jr.   loaving 
"■a\    in    fact. 


I>iirini>    fli 


on  the  con 


<'  next   ccnrnrv 
f'licnt.  contalni 


x'cjinic  iinmnonablv  difti- 
Pix'arcd   s,.v,.,-al    arith 


i'j-  '■vi.i.ntK  h;.i.7;; ""^  '"""^  '"^''"'•--  i>-i>inns.  r ; 

l«'l<.n;.,.d    lo    a    Hus,.d    ,.,.„'f,:«M-, !.""    "     '■'"•"•   "'"f''""'"fi'-iin.. 
-'•vi«-  .nd  ,„ardi„o        .   .  ';   '■"•'""•"'.^-    ^"'-    '"-•    tiu-ir 

Kastf.r  an<|    othf.,-  ,.h,„vli   ,I..v  r  '   '•"'••"'"t""'    «»f 

'>"''-i''^fl.Ha,.',.n;      1,      ;•,''■''''''''«  '''  ''i^l-'an,.,.: 

^--•'^-  -.^1  .uainn.    '';..■ !!   '7"'"*"' '■•''^••'•'■-''■<- 

'"""'"■"'"-  -i,i,.i.  ,';!;;;;,':"'"• -r"^"'" "- v.i,K.s'of 

^■•■"•>nil    attitM.l,.   at    rl,,.'   ti,.,,.       7"       "^   '■'■'"■'■'^•'""■".ir    the 
f"ll.nvs:  '""••      •^'"ni.,an„.,|.    rl.ov    arc    as 

'  '  >    ''-    iililitariaii    vain,..    „ i        , 

•;     --"-'  tnr  ,1„.  ., ,..!,•  ..f  nan,,.... 

'■'»    O'l'ci-   vahl,..;    o,.,„,,.,|,-    •  „ 

-sthcri.  Ji:,;.!'."::     '"•     "■""■     -•'     sclf-..nuinv. 
Tinier    I,,,,,!,.,   „f   rl„.„.]„    ,,,•,.>,    , 
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Spciikiiif;'  iiinrc  paificiiliirlv  „f  tl 


iiJii-  oi  iirirhnicric,  rjic 


|>iir|K,-f«  ut'  the  tcach- 


^aiiic  iiiitlior  s  .siiiiiiiiiirv 


1-  ii- 


icilluws : 


I  )    To  reach  the  i-hild  the  iiiatb-inatinil  rvp,.  ni'  tlK.ujrh 

incuts,    ro  oltscrvc  jiropcrties 


( lo   iiiKlcrstaiid    stafc 


to  make  iufereii 


ces.  ere). 


(2)    T 


(■•;»  T 


>  iironse  his  iiiferc.st   in   rhc  (|!iantitativc  si.ic  ..r' 
the  world  around  him. 

o  ^dve  accuracy  and   t'a.-iliiy  in  -im|.i<.  compnia- 


finns, 


(  H    To  iniparr  a  working,  kiiowiedac  ,,f  a  t' 


applicarioiis  of  arirhmeli. 


c\v  praciical 


)  'i: 


When   Pr()t'ess(»r   V 


I'l-epare  the  way  for  fnrtlicr  matl 


lematu': 


oniip;  wrote,   the  conHict   >nrn.iindin-,- 


r    i>    interosn 


11"   an< 


lormal   dix-ipline   had   ju>t   l>ei>iin.        I 

instrnctive   to   read   what    Professor   Smith 

^J'"'!'.  "*"^''''";^''''^-    "^f«'i-   "inch   of   the   smoke   of   hariie'  had 


writes    )ii>t    ten 


own  awav. 


I) 


iii'injr    the    last    cenlnrv    the   lieiief    in    tl 


of'  aritlnnetic.  liofli  oi 


n-    importanci 


1  account  of  its  hread-and-lmtter  value 

I  :.n,|   als„  its  cnltnre  value,    trn.k  s„ch   ro„r   that   the  suhji-ct 

I  «;is   rai>e.l    to  a    po>,f,o„   „f  pre-emimmce  amono.  „il    .,.h„„| 

■-  sni.jects.        Ir  IS  uidy   within    th..   last    twentv-fiv..  „r  fhirtv 

.v.ars    that    donl.t-    have    Keen    raise.l.         The    Committee    n'f 

''"  '"   "^"•'•'-  '""'  iiiterwards  the  Cmimitt.-e  uf  Kif„.,..i    l.nt 

I  .^iave  expr<-.s,u„   to  an  .-ver -rowin-  feelino    when    thev   dis- 

^  cu„nt,.d  very  nuiterially  the  practical   vain,,  so  Inni,  insis„..| 

I  !'' ^"''  !'":  '"■""•'■  "♦■  "larh.n.atics.       Writer    since  then 

,.  liavc   emphas,;,cd    their   condnsions.    and    unlv    ,ec,.ntlv    the 

'"'""■'■,'"■'"■''  '""■  '•'"-'■-•''!  ■^••I.olar  declare  ,ha.  the  classi,. 
Me,.,,  nt  n,„n.  real  vain.,  to  fh,.  avera-'e  citizen  than  niath.- 
iiiiiiic>.  i.rithuietic   included. 

That  thi^  tinu-hononred  ar^iument  f -r  arithmetic  nonld 
ever  I,..  ,|nestHmed  is  dn.  mi  part  to  the  enrichin-  <.f  the 
-MirM.  of  Mud.e-  iK.ynnd  the  rhr,...  Il",  and  th..  nec..ssifv 
''■'•  enrtadmenr  -omeuhnv  in  order  that  the  m.w  .uhloru 
"^  "         'M'l=>'-.        Ivhicator-.    r..„.    wrc    wnrkin-    ont 

l!tl7.     A  brief  su,„„,„ry  is  given  i„  Appnulix'F  "'''''"  ''"'""■''  '■"■ 
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■  .  't 

■-  v^\  \  ■■'■ 


6         ._■,:  y-v— 


i 


f '''''<<■  iH'i..sK  r,n.dJ  '  \  •,':,;'":"'' " '"■-n"  !...• 

'■'•■''    "'■'''"H.'ti-.    ..    ,1,,,,    ,■„,'•'''"    ^'"■'"^   "f  '-MIMMT 

"•^'^-         '"    "...    i.,,         V  *'■*■'';'•;'""'""■''•  I-'---.    -In. 

"""•    I.,    run,:         K  "  "';'    ""''^"   'J'--  a|.|M..r,m,.,.    ,n„;, 

'—•'i ,■ ,/:."'" '  ^""— ......:„,.,  „„. 


I 

fc; 

!•( 

fi(( 

ti 

til 

■■^'fiiciioii 


'"•''•'••■l    Ixisiiicss    |„M,.- 


1  lie    sjiiiip    „,.,..  1         ,•),.,    "    "I'-illlcss    iHMc- 

niciioii.  "I"""'    Ini.l     imd.rooii,.    ,,.,,,„. 

'  '"■    <  'oiiiiiiiircc    of  T..11     ,  •         ,      . 

— i-v  nu.ri,..,...ri..'  i!,;  •,:":"; """"'  ':'-■'■•  -'-i-  -i. 

<'-"Hl    til,.    I.,.yi„„i„       „f    •  ,    ,.,  .  "'«'     (   nnf.M-cnc,.     u;,-. 


\v;k    licccs-iii  V 

flic     CM 

I'lilicllcl  ;  ; 

)'cr[.|(..> 

\-:ihial.l( 


I   flic   tciicliiiii;  of  jiriti 


ill'ltlllllctl,- 


■^  :"«!  -xli,.,,-,  i|„.  „„„;[,','    '''•"■ -"l'.i«-r»«l,i,|, 


|'!''ililc!|l>. 


••Aii.uhf.  tlw  -irl.j.rl.  uhirli  -h.Mil.l  U.  .•iiiliiilr,!.  .,r 
«ritin-lv  ..inili.Ml.  •,„;■  .•.>rii|>..Mii.l  |.n.|,nrii..ii.  ciiLr  n.oi.  iil.Mract 
incn-iinilioii,  ul.-ul..ic  .Iciiumiiiiih.  .|iumiiti.-  iin.l  tlir  en  iiii  r 
I»«i't  ..f  (■.Mriiii..rcii.l  iiiilliMM'lic.  I  •.•:•.•,. II  la-..  ,s|i,,nl,|  1,,. 
'■'■'''!'■'■''    '"   '•"•   "•■•■''-  "*'  ii'-lNiil    life.         |„   .s||,.l,    Mil.jiTt.   as 

jToHf    iin.l    |n->.    Imiik    .liM-,,11111.   .HI, I    sinq.!..    aii.l    .•..;„, ,,,1 

MitcivM.  ..xaiiipl..^  iioi  ,.a>i|v  ur.ulr  iiiirlliail,!,.  ,,,  ,1„.  ,„||,i| 
>li..iiM  Im.  Minillcl.         S.ii,.|,  .■.,i,i|,|i,.aii,,iis  a>  iv^iili   t'n.iii  fra,- 

""""'      l'<''''n(l>     nf     lin,,.     ill     ,.,.„||„,||ll.|      illt.lVM      aiv      ii,<.|,.-.. 

sin.l  ni„|,.„ral,|,,  Tl...  luHii,-  sv-i.ni  s|„.„|,|  U-  ,a,|o.|„  i„ 
;i|>|>liciili..i,-  lu  actual  iiicaMiivin..|iU  K.  1,,.  ...mviu.-.I  1,v  llir 
I>M|.il  l,iiii-,.|f;  tla.  ,n,,i-iir.,  aii,|  widil^  l.ri.ii;  a.MiK.llv 
:'"'"■"  "■  ""•'  I'aM.II,..!  I.v  tlir  pupil.  Tlii-  ,v.inn  liii,U 
"s  prnprr  apphcalici,  i„  iji,.  ,.,,i,ix,.  wlii.-l,  ilir '('..nfcrcnc,- 
rccfiimiiciiiU   in   cniicrch'  i-cojiictrv.     .      .     ."' 

Hie    rcjiuri     was    .pinicl    at     m.iiic    Icim.li    nu    a( iitit    nf 

It  Lriii-  ill..  pi,,ii,.,.|.  ..ffuri  in  til.,  ivt'unii  uf  aritliiii..tic.  Sin,.,. 
lliis    r<.p..rl     \va>    \\rirt..|i,    -,.v,.ial    \vv\\vv^    hav..    ..inplia^iz...! 

Ill<.     IK....I     of     .•Iirtililllicilt      illl.l     ..lilllillalinli     nf     Mincll     nf     ill,. 

liiatf-rijil  iiMiall.v  fniin.l  in  mn-  arilliincti,-  i...\n.      '{'lie  -ni;....,- 

tioi.s     l..|nw     will     1„.     .•nilM.l.T...!     .|uit,.     cnn-.TXaliv..     i,\      mn-t 

of  the   i'..ii(|('rs : 

(  I  )  Qiii'Minii,  in  ||„.  f,„|,.  f,„i,|a„i,.„ial  rules  .•inplnvinrr 
iiiircii>ni,ai.l.v  lar-,.  )ni„il...|-..  a-  ih,.  fnllnwiii-:" 
s!i7<;:.(i4(;:L'm;7X!'74n(;.Ki);.).  aiv  iini  niM-niniiinii. 
(-'I  Mn.-li  of  ill,.  wn|.|<  in  fraciiuiis  ,.«p,.,.ial|v  aiMiiimi 
iiii,l  ■.nl.rra,-li.,ii  with  fracrimi-  wIkm.  (Icnniiiiiialnrs 
iiiv  i:r,.ai,.r  than  Ic.  "ri,,.,.,.  sliniil.l  Ik-  mni-c  facilitv 
'II  'll''  inailipilliltinli  nf  fraclinns  ,-,.lllllln|ily  „,,.,i. 
>iii-li  ;is  tlinx.  with  .l.'iiniiiiiiafnrs  nf  •'  ;;  4  -,  ,; 
S.  1i>  an.l  15.  ••••.. 

(•■!)     (;f..al..>r    Cnlllllinll     hivi-nr.  'I'll,      r.-.hlclinll    nf    a 

f.-lfin   I.v   (;.(•.!).    i.   s..Mnl|,   ,.v,.r  ,|nlH..        ft    i-    IV.I  llcc.l 

tl'   ii    ilcciiiial. 
(4)    I.,.a>i  Cniiiiiinn  .Miilti|.I(..  cxc.pt  the  vcrv  ,.|,. n\< 

Fin.liiii:    fh..     I..('.:\I.    l,v    i„<p,.,.ri,,„   \hnul,l     1„. 

emphasized. 
('))   CuIm'  root. 
(6)   ronipoiin.l  proportion. 
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'  '  '     '••'|iMli..i,  ,,f    pjivin.iii         II- 

■ '  •■'■ ■.ii,r,;;;;;;;:,,;:"'= ■  '""■ -I'm > 

•■' ■  .'■nM.':.  r  ;: :,::, ■'■;';';■•,' ■•• 

..  i:,;;::,; '•'•■:-«' w  ■.„,.•* ' ■— 

'"     ''■'""""^-'•"iiiih|!,r..k,, 1 

'"     -m.Mi,.,- ,■    .,,    .  "^"■'..•,„.„s   ,..  ,|,,|,„, 

I   M.Jk'"    '"•■"•••"   "'"•^   -   — • 

,..,  t,.;- '"'■■•■'■■' ■"-■""^r ■"■"•■''■'■■■ 


!  "■  '■'"'"■ni.nv   s,.,-,.,,,.,. 


.  '•"     "    ''«■    l;.„o|, 


I      l(      llr...|,..| 


III 

III 


'"  ^•■"^'•"I'l- -, h.,.,1 ',;;:; ->n.  I....,, 

";'"•"' "-.    \vi  .IV ,     ,.:"'''"'"'■•,''  "• •■'• 

'  "'"'^  '--^  -i-ooi  si.. h;;:!  t;'"  '"••■^  -^-"-i. 

""■'"ill   i-r.Kv.M.s.  •        '"'   '"  ''"■  ♦■""■  fmuh- 

''••'•iiMai  ,M>int.  '  '"■'•'"'"'■  "I  IIS,.  .,(•  ,|„. 

'■'"    ';•""■■'•'-•''•  -ill.  an.l  ...1,1,,  ,„  ,„      , 

"'   "'''.Ulits  :„„|  „„,„„,_        "''    ""■  •'■"•MHO..   ,.„,„ 

..-^^   VnuJ::     ""'''"'"^   •■'"'"•-i"^  .-.nil |.„., 


I'l-.il 


^  "i..ii)o   ,1  , 


:?«! 


Ill 


•l<V..|..|„.|     nlll     ..r    iIm'    . -.ill. •illl, .Mill     ~,    -t,|„     .,r    llir     mi. I. II.-    i.o,. 
IIImI    Wii^    ill    liiiiiiioiiv     uilli    i.-vrllnlMi-i,.;,!     h,,,!-    ..I     l|i.      In,,.-. 

'.'"''  ''"■  l-i-i  '•■»  'l-'-ii'l.-  n..iliiii;j  iir..-f  i,.  .-jm-,  .|,.ul.:- 
«'i!ll<'|-  lis  I.,  ||„.  ,|.„.|,i,„.  or  ill,.  |,„.|||u  |.-v,.|,.,|,...v  ul.i.-l, 
MI|.|M'|-t.'.l     il.  It     «<|.     tllliiK      l„.|M.w.rill„,'    iH-MMi     |„.„,.,, 

liuw.'V.T  i-iiiiM.!.  i-  ii|.|,li,-iil.l..  lu  iiii.v  .|..|.i,iii,„.|,,  ,,r  li.iiiun 
MHivilv.  ('..inn,.. II  ..x,.,.ri,.|i,-,.  -,.,.|ii..,|  i,.  I,,.;,,.  .,iii  ilii-  ,],„. 
•  nnr.  nil, I  ,.v,.|,  w|„.„  ,|,,i,|,|,  „,.,.,.  i;,i>.-.|.  -Mill,.  ,,r  ih,.  .xjMii 

'""""'     '''"■^-     ""iJll'I.V     lllilt     .,f     .M..||IHiUIII.     1,1,1     , |i,|,.,„.,,     „. 

-iicli  il  ilix-frino. 

I'lolcssiir  Siiiiili.  uriliii^  ill   I '.MCi.  i  ,;,v^  ;    ••  "         Wii;,| 

>liiill    «.•    si>  f      Tliiii    „nllii,„.ii,.    liii,    iii Ill;, I    ,|:m-, ,,!•,„. 

thill   ..ill.  r   s|i|,j,.,.|,  ,|,,   ,,.,1    oiv,.'      X..  .„„.    iviilK    t,'.l-    ili|.. 
ui   -i-ii..  .,f   t|„.    r;„.|    ||„,|    ,|,„  ,.^.„.|    ,|;,,,iiv   ,.r   III,.   ,|i-..i|,|i,i.. 

'"'  '""■"'  '"  i'"i' li"'-'.       l';v.Tv..ii.-  :-  .■,,ii-,.i,„i-  ii,„i  h.-  ....I 

M.iiM'iliiiii;  ..111  ..»•  111..  Mii.iv.  il-;,],.  r,,„„  ,.i,i<.„i;„i.,i,  im.i 

iMisin,-    ii|.|,li,:,ti..i,.    ilijit    h,,.    Miii.l..    jiii,,    -ir.„io,.|-.    ;,,„|    i|„. 
».\v    ntilly    M.i..||titi.-    iiiv.-iijiiiii.,ii>    iluu    Jim,.    |,.,.„    |,,.„|,.    ,,. 

t..    III,.    ,.tV...-I    n(    |,:;,!l„.|,i,„i,.i,|    ,,,„|v     I.,,,,,    „„,     ,1,;^     j, „„;,;,„ 
fl'fllllji. 

\V.-  <-iiiiii.>i  li.iv  ,.v,.|i  -iii-v,.y  i|„.  ,.,,iiir,,\,.r,v  «|ii,.|j  ),;,< 
niiic.j  iii-.,iiii.|  ill,.  ,|.M.|riii,.  .,r  (■..riniil  .liM-ipJin,..  [|  I,;,- 
Im'cii  iilliK-kcl  vi.;..r..ii.|y  l,y  -iic|,  |,„.|,  j,,  ri,.,rii.lik.-.  O'Sli.ii 
Jiii.l  ,.tli,T..  I.iit  it  Illl,  i,..t  l...,.|,  Willi,. Ill  its  .|,.f,.n.|,.r-.  Smih,. 
..(  ill,.  II,.. I-,.  iii.on.s>iv..  >tiir..iii,.|iis  lii„|  h,„.i.  „.  |„.  „„„|i,|,,| 
l'r..:..,s..r  I  li„ni.lik-..  ii.|v...-iit,.s  riilli,.r  ili,.  .|.M-triii,.  .,f  i,|,.„- 
ri<-.-il  .■l,n„.iii,.  wliil,.  Pn.tV.M.r  .|,„|,|  -nl,-,;,,,,,.,  ,|,.,,  ,.,• 
frciitriiiizc.l   c.NiM.riciic,.. 

_  l*r..f(s-.,,r  M.-MiiiT.v-  i-  v.Tv  mil,!  i„  |,I.  .•..ii.|,.imi;,ti,,ii : 
"I  he  .1,,,-iriii.'  ,.f  iii,.|iiii|  ,|iM-i|.liii,..  .,f  |,,,;i,.j,|  , .X, .,.,.;-, .- 
tJin.imli  iiiiiJiiiHti...  I«.iiiir  ,i:r..iiii.i,.,|  in  ;,  Mii,.,-|„vvi,iiii|.< 
|.s,v,.|„,i,,uy.  i,  still  li..|,|  l,v  iniiiiy.  l;,,,  i„  ,l„.  1,,.,  ,•,,," 
vri.is  111,.  ,.|iana,.-  in  |.sy,-li.,l,.oi,.iil  il,,.,,,.,.  .,,„|  j„  ,1,,,  ,.,,„,.^^. 
of  stii.h-  liiivc  !.<■,. 11  M,  i.r,.|,t  .,,  r..  -Ii„k..  .-vcn  this  -tn.n- 
ho|,l  ,.f  th,.  .,1,1  iirithm.tic.  Th.-  .|,.,-fri,i,.  „f  forniiil  .li~- 
cipliM..  hii>  l>,.,.n  hirocly  ini.l,.ri,ii,K..l  hv  rhf  l.-a.linir  -.-h....^ 


'Tpa.h.Ts    C.lloK,.  H.Tord:  Janu;,rv,  !<K)0.     l'r..f..<s,.r  .«,„ith  MK.'iks 
r.i!,e."l9I7.'"'""'  '••"""'""'•'■  «"  ♦'"•  ^•••'i-'-f  "f  formal  .lisoipiino  in  tho  May 
•  M.-Murry:  "  Sp,-.i;,!  Mrfhod  in  Aiillimetic,"  p.  8. 
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Ill 

.1. 

Ill 


y-'  ""I'f  K.linir   iIkm    ,1,.,  ,       """"'  '''>«-I|.Imm..      .      .       •. 

'''■'••^'---'".i..  ;:;.t;;:;'':::;^''':,''- '.-^...;v 

"••■"^"'"   'i".i-  ....  p.sv..|,„i;..i  ^'"'    '"'""""..,    ,|.M    ,,    „,, 


"""""■  If  iiikrs  |,li„...        I.-,  '"    "•■^'•••e 

';/"'•>•  >".,ii.  V.., ,  ,„,,  -,,•,'"■''"'"•'■" ""■"•"-'•'•'• 

;--''^v;;;r;L.:'-:.. ':;;:;;; :;" "- -  "<  -i.,.  ..„ • 

"'■'•;;''  '•'••^-M.K.M,  ..n,!!,;;:;;  •'  ''''''''''-^  •'i-.f-..r i,„.,i,., 

tr;--'^::n^^  :;V':"-i" , 

(1)1  r(.|„r  iiffir,,,!,.,  >liuiiM  i.        i  ■ 

""*'  -"  """-"'^ .  t- ,     ,;;' ^''•' r ''^" '-'-'''"^ 

^vsr.Mi.aM..  in  .s,.l,,.,i„.„  ,„  I       .'    ^"-.ii'••^""li.    (..    |„. 
^■^'••ifvi..«     rl„.,n.        F:pr    '■'■•''''■;*''"■  ^''•'^''  ••'•'•I  i" 

•''■'■■'-'•at.  <-omn.|  t:;/^'*'^   'li-v  .slio„l.i   I. 


or  (liscoverp'' 


/•nssil.l,.    ,„.,v    |„, 
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'    *'      -^'''''^'''i""    'I I.i    1...    ^.MMV.I    „M,I    .M..„.i..M    ,|,.,m1.| 

'«■  k<|'t   ill    11   hij-li    |,.v(.|. 
liv    -,,..|.    MMa.i-    .1...   ..s,M.|i..n..,.    ..n,,...!    „.    ,.,..1,.  nuiii.-, 
.*.M  I..I.I  ,„  I...  j,,,M.n,lu,.,|  Hu.l  ,n.,|..  .s„il.l.|„  ,,.  ...Ih.,-  fi..|,|- 

,   7"''''"' ""'I  .ii-i|.iMM.  i-  r,..i  ,„• ,,,,.  ,„„  ,,jii  i„: 

,:;;.""','"  "'":""• """  """''■'"  '•"■"■•"•"  iM-..i.i-.n-  «i m 

Ml     Jtl'rX   Irill-      |)llij(>. 

Wh,.,,    ,1m.   v.!, I,.  .,|-  ..Pill .,i,.   ,,.    ,,,,„,,,    ,,,,j„i„„    ^,^„ 

-In    (,..|..M„|.„H,...-,,„ili,..       Tl..., ,.hlU.,..M,|,.,|,i..i-H„ 

-f  IH.MM..^,   ,„..„  .p,,,,-,    „„.  ..l.arar,,.,-  „i  aritlim.-i,.   lanul,, 
'"    'li-   -Im-N   iui.l    il...   .(lu.litv   „f    ,1...    -,.|„.h„.    „.n,..,|    oM, 

,',"";"   ""'" '•       •^■'•"-  -'"-'^   l'"^"'.   ,„   l.n.l  uu  ..,•.,■ 

'■•'.■     mH....--    M,,in     an.l    l.i.in.--    ..ni.-ii,...,    uviv    Mn,li,.,| 

'•     ""■    '•'-'-  "'.""'I""!   in   -1.-  Ha.-r Tli..  a.lwMi   „r 

.MW    .sni.,n-N    .,1    ,tn.lv    Wil-    ,o„.„|    ,,,,,„„    ,..,.    ,,,,,.,;,,•,        ,,,,. 

7"""    ^""1    "-■'"".^   .i"-    '1-  .•    'l.iM,-    ..,.,.,1,.,|    in    l,„.^i 


Wirli  i|„.  <'v(T-«rnwiii.;  .•.Hi<T|.|i.,„  ut",..|ii.-aiiui,  a- 


II  -iicia 


iiiiiiii;    to   a>k    ill    wli.i: 


pr.icc--.    tlinii-litfiil    tcaclicr-   arc    l.(...i 

«Y  iM.v  ariilMuHi..,  a.  ...u.  ,,f  ,1...  i,;,,..,,aii,  .•1,.,,;,  ,,M.|....u 
h«-lj.    to    iiK.k..    tl„.    |,„v    an.l    oirl    soriallv    ..tti,.i,.„t  Tlii- 

•;•■'"';""""•  """■'•  •'"'  .•...i<-..|.'i".i  >i 1,1 1„.  ,„„d..  -„■;,,  „. 

'I'v<.|m|,    a    inilv    l.n.a.l    s,„.iali/,.,|    .-iilliin. 

in   ilii^  lifTlu.  .rirh,„..ti..  ,.,.a„.s  ,,.  I.,,  a   „„,,,  „„„„,„,• 
-kill   ,11  ••Hlnilati..,,  or  a   lool   >„l,j,.,.,.   |„„.   if  ,.i..l„|v  ,.,,„.hi 
.•.mini.,,,..-  MK-ial  insi^li,  j„>,  a,  ...o^n.phv.  l.isiorv  an.l  o;i„.r 
^.»U.'.->~  niav  .1...         n..i>.l...lmM„..>.,„ani.no,',|.....l,,.|v 

pry.-    ,.r„„.     I.M,    ,.a,lH„.    ,1„.    .,,i..lo«i.r.    a,i,|    ..h,...i    ,]o.s 
u..   h.    t.,r   ,li..   ,i,...,U   o,    rl...   l,iM„..ss   ,„„„   ,„v   ni......   thai. 

.ho>,.  ot   a„v  .„l„.i.   pn,t„.sio„.      This  vi..u-   ,...1,1,.    i,,   l.,-],,.- 
•  n^'   111.,   matcnal    .,t    s.-hooj    arithinori,-    i„,o  dosor    whifum 
"'  '''."  •■■^I'<;>''""<-"  -t'  th,.  ehil.livn  an.l  ,h.  „o..,ls  of  the  coi," 
n.rm,v.    .,  ,.,|,   ;,    ,i.,,s,.r   corn.hui.in    is   estaWi.she.l    hetwo,-,, 
Mmh,....     ,,,,,,..,.,,  .,,....,,      r„  „li  ^..a.h.  the  ,„,i" 

'""""'"'' •    "^'    ""    ''"■   'l"''nri,a,iv..    .i.i„    is    „.a„.f,.,.,...;i    „. 


!fill 
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:'""<•  -I.....I,  ,1,,,,.  i,  "     <  "'  iM.f  no,  ,o,v,..i.     r.. 

"""   "'"■•■''   ""*  l'"l-ls     .  .-      i        "''    '•;•"""    '■"    "'ill......,!., 

-"'""•p- '<->in<l;  .:::''''*,:'••  •'^•'' *- 

''•'-''■'•'''"''"..•.•.■  »i,r,r''v;;;:;'-  .•V'i^';".Hi,.i............. 

"'"'*""'^-  '-''--^i-'    ;;:''•!  ^" ''7'- '''•■'  '■'- 

«iii.-ii  ,s  off,.,,  „„,,    „, .  „••';••,.'"".' "  •'''"^'  '!"•  t^-xt. 

-'"  .«•-"•  ..ni  „f  .i,;.; . .  /' ':"  r^p'"-  TI,..  ,„.„,,,..„„ 

'!•■I'i'^-illl.a^vrl....,,i,..,;,^;:;  '".;!   ""n.n.l   .,.,,   ,,„l 

"""^  ">'"  of  uhi,.i,  ,|„.  „,;,i,|,., '    "';      '  '"'^  i<"<'\v  ti„.  s,„,a- 

'-i<..o„n.i  f....„.  uiiir  ;:''':;:;.:;;;:'*■"•  ""•'  '•-••■ ■■••■'- 


"i"';-«-sr  will  ,H>,.,n,.arf.  ir  j,ii  ,, 
pn.rm^  tor  |,i„,  cpn.nfi,.,i;.Iv 
^vfiKli  l,e  IS  Winp  prepared        * 


.';n 


<  ||.\|'T|.;|'    III 
I'llK  l^s^(  ii(M.()(;\  ok  mmiiki;. 

I'    i-   ii.i|...rtHni    iM   „.„..    ,1,,,,    ,,,„   |,,„    ^,,,    I,,,.,,     ij^ 

.•-.y..n..i  .|,.v..,.|  ..»•  MM.MlH.r  I.I..;,..         Tl......  i.l.a-nu.v    l„.  v..,v 

'';"",'"^:;      •'^•'    •' '"••    '^^■•.    n.N.    ..I-    .1...    Mn,m.    ,,il... 

..t    tl„.    M.h.v    IN.nin.Mh,.        Tl...    -.mm"    mi.v    I..    ,|.,.    ,„..,,. 
lln-.      11,  ai-inn-l    ••(«•.,."   d,,.   ,„,.,v   ••tluii."        .\.    il...   m.m.U 

"*   ''"•':"'•••  "i-l.i|.lv.  ,!„.  ,„„ ,  i.i,,„  ,.„|,,,„,.  ^,,,,1 , ^._ 

r.-s|H.ii.l.iiK  ii.iii.Ur  v.K-,.lml,.rv   i-  ..v..lvc.|.        Ti„.„.  .•Mmn.l- 

'"-    ' •'•    ''"•    • '    ♦■"•    >"•"•<■   "ViM-r    , iHini.u.Mf    i„    ,!,,. 

pro.v<,  .,t  n.  j„M.M...,i   I,.  .•Mvin.uMM.nt.   u,.  -h,||  .,.,,  ,„, ,„ 

'"■  "'     '"' ••'•  ^'■""'''    i"    '!'<•    nn..;   ,„„|    ,.,   ,|,i,   .| ,,,   ,, 

,[  ""•  '••■^'•l-l-MMt  ..f  il„.  ..hil.l   ,„n,||,.U  ,1,,  .l..v,.|,.,.Mn.nt 

;•/  ••■;•  '•"••'••       Thi.  ,,.....1  ,M|,,.li,.,  ,1.,  ••„„„, V,.-  „n,i..;ivin.. 

"<•   <l<;v.'ln|.,n.„i    .,(    n.in„.ri,..,|    i.|,,„.    ,,„.|    ,|,„„|,|    ,„.^.,,,.    ^~^ 
Inst    .Hli-iii    .,1     |,v    IcHciicis. 

Km  I...W..V.T  i.i-in.iriv,.  tl...  iiniMi..T  i.|,.„.  ,„i,v  I,,.  „., 
lanfr.iaii.-  ..  w.tl.,.nt  tli.-  mi— ..>ti..ii  ..f  .i„,„U.r.  iiii.i  ..„.■  i, 
"l»i.M   jiNnti..,!    ill    t|„.   ,.,m.-ln^i..„    tli.i    tl...    |„.i,nitiv. - 

'■'■I'"""     "*      """.l«T     i,      f,....li,„MHti.l      ill      tll.MIJ.lil.  ('..rtiu'll 

rtfrnt   ..N,M.r,.M..„t.'    with   ki.i.|..ri.i,,.t..„   ,.l,i|,|,...n    pn.v..   rlim 

!'  ^"•<'«-<-^""i   "*  "■••,.;,.,■,!   i„   V ,;,  ..liil.ln,,   I.M,„   u.,-,,„  ,,„.,.,. 

's  liny   ...MiMM.Mi,    i.l..„    ..t-    .M.,„l,..r.        Tlii.   ,..Mi>,.i.M.>..,..-    ,.f 

>.M-.-,...l.M,    .M.    S..n..s-i.|.,,     „l.i,-|,     i,    ,.n.i,„..i     is     ..l.VtllM.iri.l     il, 

''""''"'■"■'■  ""/'  : '"'"-  'I'"  I'of.'ti.iiifv  ..f  1.,., „!„.,•!„..  u|,i,.|, 

".HM    -..,M,    Uu,\   .  xpr.-.i.M,    i„    tl...   n.-tivitv   ,.f  .■,M...ti.|.. 

111..^..   ..l.i.M.a.-    il,    -i.......ssi„ii   ......iir    to    tl,..   ..l)i|,|    „t'   th.^ 

simio,.   ,s   uvij    MS   t..   tl...   ..liiM    .,f   ,„..,,.    ,,.ti,.,,i    ,,,„...„„„... 

Ilioy  an.  rlu-  n.s„lr  .>f  rh,.  varyino.  i,„,,n.,,i.,„,  f.-,.,..  all  tl..' 
^<'ns.'s.        I.,   .-a-,.  ..f   .1...  ..hil.l    )„,„    i,„„   |,i„|,   ,.i,ii,v,„|.,„ 

tlio  luafonals  fay  s<.„s„  i„.,„.,.s>i.,„s  will  I,..  „,.„•,.  „„„„.nM,s 
«M,|  van...l.  ai..|  w,.  sh.Mil.I  imf  U.  s„r,M.iM..|  if  tl.i-  .vM.lfii..^ 
'''•I1S..I.M1SII..SS  <.f  sii.-....ssi,Mi   is  „„M...  strikinii. 


'I'hiliips:  •I'edagoKicil  S<ii,ii,;,iy  V. 
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r^oil 


IIIIIMl.cr      i,j,.;,s 


''•V''''''''''^-''--i'-  r'r -'r ''*■'''''"'  '^^''''- 


"''lill'lIilllN    ,,f    \-;    .       •  "'"IK  Ml  l;illi;i|;|„,.  •ri  .     . 

'--  ■    "• "''-"'■•' '■•'-■■I '1..^  ;:i:t  j;;;;! 

r'r^V"  '"• -"••' 

,''"'•"••''    I'""-  .-I    cn.u    1,,,!    I     ■  '■'""""•    ""t"'-.-..,,-.         /,    i. 


<l/l 


;'" ;-"  «■,.,,.  ,,;;,';  '  ;";|;; '■  •>..■  .n.i,.    .v,.;",,,;;' 

•)■■■■•'   'l^'.v   'I-   .m,„lK.,.  „f     „,,'""■    '■'""" I    "I'hu-:,,;.. 

'"  ""      "1       lllllll    ir.>-      I      i'        ,  . 


'','-   "!•    inunl,,.,.   „,„|    tv,.|    .,.      '"'■   "\''l'l'anMU   con..,-,-. 


until    fiw 

)IIS- 

iiit. 

iir. 

i.mI 

'■    fiitrr- 


w-Hii.lcr  Jill, I   ., 


""'    iiiiiiiy   ,,r)i,, 


•■-.".   mm  ;,,i,iiz..|iH.nt  nf  j.ll         s;-,,  ^"""^-      fo  the 

'Y.'-^''^  '"  "'"""-I.., v.  ,.,.rf„;,,„„i       '  !""7;, """•vcllons  are 
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I  Ik-  >avi.i.,.  ,.      ,i   ,„.-,k,~     I.   .,    l„.i,.!ui,v  fV..ii.  nt,r  l..  l^v„ 

1"    •'"■•■'••<■"••  l"'"'    ->..n'       •    tun    u-iii    |>,.   ,1...,-.    -I, i," 

u.  Mu.y   lum-   ....    .a.M.   tM-   ii.   .,,   ....„   .,   1...    i.   ,1,1,.   ,..  ,,;;. 

""r"'^V'""^'"'*   "■ "•  ""'••'•  I"  •■-■"•  '"••  1-".T    on.. 

;•''•''■'■'  ^'■■","  '"""'"■'•  -IM'--'-  TI„.  ^in.ihn'i.v.  in  .,„m,^ 
l|.M?;.mM-.  1>HW...,,  ,1...  „.,„.-  lur  ,.,.,.  a..,l  to,-  ,\vn.  i„,|i.,„,. 
<liat  l.nlr  :.,lvM.u-,.,iic..i  !.:;>  I,,,,,  nu.,|,.  Im.vmm.I  a  ••tl.i."  ;,n,l 
"     ■"""•  ""■   '■'"""    '-    ""^v   ,,1,...    .vv.,.'„K,.iv;   ,n„l    nuiiv 

",   '■'"■;■   :"'l'^    '"■'■'•      -^ 'i".^-.    fl'^'    vv    Miv    |,..l    ,,,   ,..,n.-l,i,l'.- 

t  lai  .1  i>  H  liiiliii,;.  |„,int  „t  oivatcr  ,„•  1,.„,.,.  ,|, ,„,,,,.  ^^.j,,, 
""  '■"•'^""1   ^v'tl.  rl...  ,,r...,.,„-.l,,v  ,l,i|.|.         I,    i^   i,„,,,„,i,„. 

'"    '""•■    ''•'■'■    'I""     '!"■    ".in.-    tnr    ,,„..    ;,,„|     ,w,,    ,|n    ,„„     i„     ,n 
ai.iiUHii.S     llMV..     ivhitiuu     t.,     ,1,,.     ti.io.T,     ,,,     „,     ,1,,     „,„„.^     ,,,■ 

u.u,..'.  u-l.,.-|,  M.,i.o,..i.  ,l,a,  ui.l>  -„M,..  ,M.„,,|...  at  l,a-i  ,1„. 
tm^;.'.-  have  .„,:    v,.r  l,.,.,,  ,-all,.,|   i„t.,  iv,|„i.iti..„.        \\\.  ^,,. 

<-«)I.II(.ctlM,|    MM. IV    ,.fl,.,|    in    ,1„,    ,,;|lll..>    tnl'    llliv...    C.i,,..    ,.„.. 

Wlu.iv  ti'ilK-  aiv   tuiiml    w!,.,  ,.,„i..t    ,„,  h.i'il...,-  il.a.i'  iw,, 
'I'lv.-  ,,r  t.m.-.  a  .hi|,li,Mii.,n  ,,f  .|„.>,.  i,  ,,f„,„  „,,,,|  f.,,  ,„■„,„,,. 
''"'"''•''••^   "ai,„.l.v.   tun   Mvn-.   ,w,.   ,Inv,.>.    tw..   f.,nr.    ru-     •,. 
fl'«'<"iM.  may  I,,..      \\\.  1,;,,,.  tl,..„  il,..  ,.|,.„„.nt-  ,,f  ,1,,.  Mnarv 
"■'■"'"■^'    '"•    ''"■    '|i>"i..rna.'v    M-al,-.        Wl.il,.    su,-!,    nrimiiiv,. 
"'n„l..'.-.vM,.n,-  an.  tu„n,i   i,,  An-.i-alia  a>.,|  S,„nl.  .\,„..,-i,.a 
piirn.M.la.-ly.   tlay  aiv  ,„.,    ,.,.„(i.M.,|   ,„  rhr.v  tw,.  .-nnriM.M.t. 
•MM.<-r   Hm.la,'   .-..iMlii  i,,,,.   ,.xi,,.    ,„•   ,|i,l    ,.>„•,,.    i„    .^f,i,.a 
A=s>a  a.i.i   Nnrtl,  A„„Mi,-a.        Tl...   Ilu-l,,,,,...  ,4'  S.m„1,    \tri.-.' 

"r,V',   '"'"."•    *'"'•    ''"■'■"•    «l'irl a..s    .iM.pIv    ,„a..v.      TI... 

N.'.,lalis   „t    (Vvl.u,    l,av,.    I,ni    .u„    >M.,M..raU;      Tla'   „anv,.< 

".     ■""'''■'   *'''''<"•■'"■='    <"""""    -mil    Im.v I    fiv,..    wliil,.    tru- 

"f  f""'"   n.,.l..,-Ma.„l   tu„  (iv,...      Ahn.v  „f  ,]„.   I^ki,,,,.-   I.av,. 

'n-nlK.,-  -y,t,.;„.  lit, I..  l,.,„.r  ,l,an   , „,•  r|„.   AfnVan   an.l 

■  in-traliaii    iiaiixc   race-. 

..  '^  ''"•"'•'  '"■  '■'■:,„.,iil„.,v,|  li..iv  i|,ai  ih,.  ,l,.i>r,...  ..f  ,„.,■- 
'•■••finM  -t  a  n,.„„M-al  .vsi,.,,,  is  u.m  a.,  intallii.j..  in,|..x  ..f 
mtHI,^,.,,..,..  (),■,.,„  ,,,,,.,  „..,„;,„  ,,,„^„,,^,.|,,„  ,,^i„  ;,, 
uok.mu'j:  l.y  i...,ii  |„a..|i..,.  i„  ,,,,.li„.  „„,  |,„-o.aini„o  r„ 
W'al.    I,ow..v,.,-.    o,.„ntI,    ,.f    ,n„nl.,.,-    >..„„.    i„...vas,C"  will, 

<-'v>l>zar..,n.  a  >raf..>„..,u  ul.i.-l,  i.  al -,  axi.Mi.ati...         I,,  ..,.„- 

^yW.„^rh,.l„nit..I,.x„.nt.,f,Mn...ri.a!  i.i.a^  ani.,,:^  ,rii,... 
"^  '"'^'  '•'^'''.'^"""".  w  a,-,,  ap.  ,..  r..i:anl  .„„■  .,u„  ahiliri... 
''>  '-.  su,,..n,.r.         If.,,.,.  M,,,.,  ,„  ,.,M....,    f.,r  a   „„an..„t    1... 


Avill  .Villi/,.  I,„u  n-iillv  liiMiKHl  om-  own  >ons,,  i,  i„  t],:, 
•'u.ft.T  llmv  iniMiy  l.i.v..  :,  .-l,,,,.  ,.o,u-(.pti..n  of  what  1  (MM) 
rn..;.ns.  l.-r  al.-n.  l.(MMMM)(,  f  F.w  people  .-an  osti.nato  even 
«P|>n.N.n,atelv    rl.e    nunilMT     pre,<.ni    in    a    .tow.I    or     ...her 

I"   this  -am,.  .■n„n.<-iion   it   is  well   to  i-eeall  that  few  of 
••-  iK.ve  aiiv  .L.tinit,.  ,„eiual  pn-eniation  of  individnal  ni 


MMs.    pron.,.,|n.o.   |,v   .htie.-en,-...   of  ..„..,    l.evo,,,!     HM)   <„.    p,,,- 
laps    lU    I  ,1„.   1^,   ,i„„.^    ,^,  ^,j.  ^,,|_.  ^^.,^_^  I  ^|_-^.^^^         ^^,^  jj^^^|^_ 

'"'•aer  iuiml,<.rs  „p  i„,.,  ....nv.  i,i,.nf  ntiiis;  for  example.  :,(M. 
•s  ,e.-a.p..,|  a-  Hve  I.M.-s.  ,„.  ren  :.n\  ete..  an.l  not  a.  one 
'-.•'•    -uin     l-.M.  We    ..learl.v    ,„ake    „se    of   so.ne    d.nary 

-Jl  -.  \\  Hi.  nnml,e,-  ,„,.l,  ,.  ;;;,.  7.-,.  .,,,  ,„„,,„„,.  ^,,|  .,,,,,^,;;. 
I'"'.  moM  p,op|e  ,.„|,,v  ,|,.,i„i„.  ,.„mpn.l„.Msio,K  ami  .-oneeiv.. 
<'r  '•'"•I'  '!>  it  s,„j;le  nnmlM.r.  ,p,i„.  apart  from  the  three  Kfs 
;';'"'••/;;;"'"•'■•  l"  o.her   wonU.   w,.   r,.allv   „ede..,    the   ha.. 

"'"'.  "••'  '."■  -',  '^  '■""*■'""'■  ''  '-  •'"-  l"'-i''l"  """  ^v<. 
«'^.•.-^,s.M  ,„  n.lafno.  „nml.,.r.  ,.,  ,1,..  l,,se  or  ra.lix  lU  in 
oiir    scliiKils. 

W.lhon,    a    ,Io„i„    ,1...    ti,M    vi-iMo    .io„,    „,•    ,i„.    ,„„„|„,,. 
xn-,.   r-  M,  .•oHMiin-         li,.hiM,|   thi-  ..ou.itii.o   will    j,.  f,,,,,,,! 
;ill   .loiiree-  of    .mml.er  .levelopmenl.         What  aii.l   wla-r..  ar.. 
'1".  verv  l,e,u„nnnos  of  this  more  or  le>.  ..rn.Ie  mnnlHM-  i.lea 
'"'•SI    eivm-   expr..ss,o„    in    ,h,.    meeha.iieal    om..    two     three 

',!;■•••,.       '^  ''"■'.''■  ='  '"""'"''■  '"^' '  •         Tl...  i.,v..s,io,„ioM-  of 

llnliip.  iMcm.oned  a  moment  a-o  help  n-  to  answer  th.- 
<pii-iioMs  raised. 

'1  i-  familiar  to  all  how  ehildren  v.'rv  earlv  ,-an  repeat 
|.  .n.nd..r  ot  -oun.ls;  for  (.xample.  taj.s  on  the'  tahle.  dad's 
lM''l<-.  ,n  imitaii.m  ..f  the  ,lo,o,  ,.re.  {^nife  snnill  ehildren 
«►(  th..  farm.  Iivinj.   wl^re  partv  lines  fnrnish  telephone  eon- 

'":'■"""  ".'"""-  '''<■  "••i.iil'horh 1.  will  plav  awav  ,p,it(.  um-on- 

^'' "    "'    ''"■    ♦••'■Mi'<'''f    rin-in.ii'   of    the    'phone.        Bnt    the 

JMom..iit  t!ie  rin--  oeenr.  whieh  mother  has  l.een  in  the  hal.it 
<.t   answering.  ,   ,.1„|,|    „.i||   .,,,.|,  ,.,,.,,,,,[„„   ^„„,    ,,,.,.,,,, ,^.   .,„ 

«'X'-nem..ni    mitil    the   .-all    in.>    !.<.,„    answered,    when    he    will 
.'■'■'•'='""    In.   iov>   and    play   away,   aiiain    nneonseions   of  the 
"MT.-a.if    rniui.ii:.   until   his  own  eall   strike,   his  ,.ar       ( 'on- 
snloralnm.    >n..ii    as    th,.s.,    .nj,,,],,,,,.,.,,,!    ],,,    .j,,.    ,j_,,^,     j.^^_. 
iMslud    l>y    his    invrsiinafions.    1,,,|    I'hiHi,,,    ,„   ,.,„„.i,„,,,    ,,,^„ 


::MSm^Mm  W^::^  '  '^;M)^^ 


I.iii^>-  l.('f(.i-c  a  cliild  liji-  aiiv  cuiix-ioiis  mmihfr  i(lcii>.  li.-  i- 
-(rifrcrvcd  to  Follnw  ii  «iicccs<i.Mi  of  stiiimli  which  crciito  in 
Imiii  an  idea  nt  -iiccc- ioii,  or  a  sTics  idea.  Tlicrc  is  now 
i>  i-on.-cioii-iM  >-  of  -iiccc-Moii.  and  it  asMiincs  a  rhytlmiical 
»'orin.  It  is  chararfci-i-iic  of  th<>  liiinian  mind  to  i.n,ii|. 
v.rrl.Tcd  M'liM'  ini|.rc.--ion^  into  rhythnii,-  ninltiplcs.  and  no 
*trir,  not  even  the  adnh.  can  j;cr  away  from  it.  All  scn^^ 
*'XjH'ri(  iicrs  condiiiic  in  crcatini;  ihi>  id(  a  of  -ncccsMon.  which 
I-  :it  hoitom  the  nnndicr  mtio.  ••Nnndicr  >ccnis  to  ^iu-nifv 
{•rnnariiy  tlic  strokes  ,.f  onr  attention  in  di>criniinatinu- 
slini^s.  .  .  _  \v,.  i,,nn>e  onr<eives  l.y  ili,.  ennntin,:r  of 
Tnere  siiok,^.  i,,  f,,rm  rliythnis.  and  these  we  <-om|.are  and 
nmne.  [.ittle  liy  litth'  in  onr  minds  tlie  nnnd>er  s,.rie>  i- 
formed.      .      .      ."' 

This  series  idea  is  alistract.  tliongh  ir  n'(|nire.^  sense 
impression-  to  ci'eate  it.  Chiidivn  Im come  tilh'd  to  over- 
flowiiii--  wiili  ihi-  i(h'a  of  ordei'c.l  and  rli.vihmical  -iic's-iun. 
fii'Tiee  tile  pas-ion  fi,r  conntiiii^  as  -immi  as  numlier  name- 
iire  snpplied.  C'-'Iren  have  heen  waiiiiiii  for  jn>t  -nch 
.f«  -orr  of  expres.  I'revious  i,,  thi-.  their  vari.'m>  acfi\  i- 

tit'-.  such  a-  ihro.  .wn  (h-tinite  nundier-  of  toys,  wi-iiiliiii-- 

3'he  Iocs,  nodijini:  th.'  head.  etc.  liave  i.een  tile  form-  of 
*-x]>re— ion.  ]',u\  ilie  articnhitoiy  !•( -pon-e  t(.  ;hi-  inm  r 
-iiJijecfive  feelini:  or  need  has  rhe  strono|.vi  ap|)eal.  'I'hat 
thi-  serie-  i-  all-tract  ami  -idijeciive  in  character  i-  evidenced 
iti   ilie  fact    that   at   tirst  childn^n   will   c.mnt    witli   m.   refer- 

♦  •rii-e  to  olijects  at  all.  am!  if  asked  t mnt  ohjects.  will  often 

let  the  w.nls  run  alnad  of  the  olijeei-.  That  later,  olijeci- 
.ire  fonml  n-efnl  as  a  (dieck.  or  |)erlni|>s  rcMtnl.  wa-  jiointed 
■""'  '"  'Ik'  "P'  'li'i,^  chapter.  Tin-  al.-tract  and  "innci'"" 
^-haractcr  of  ihr  ^eri(-  idea  is  another  evi<|(  nee  that  '•nnmlier 
i-  not  ^ot  from  tliini;s.  ir  is  pnt  into  ihem.""-  Ii  i-  wdl 
worth  remendieriin:  at  this  point  that  there  nnmlier  names 
.'ire^  iioi  applied  to  ohje<-t-.  Knt  are  merely  a  motor  svm- 
j-^di-m  for  tlio  inner  s,.rle-.  which  liie  child  has  heen  develop- 
um  -iiire  liirih.  throiiiih  the  impre-sion-  confiniianv  kn.K-k- 
111-   for  admiiiaiice  at  the  door-  of  the  varloti-  -;.i!-c  .        Th,. 


ru 


Hi 


.[;Mii('-i:  ••F'sy<'h()lo(iy."   \o|.    II.   p.  f),").!. 
Mi'l.cllaii  iuul  Dcwcv:   ••I'-;ycliuli)<jy  i-f  Nuiiilx'i'. 

8.-. 


iiiSLl 


"'■''••••    thr   cliiM-s    ,.siw 


"'"'  ^'"•'••«i.i..,i.  •.pp.'ilr'' ."7"  'li"  '';  ''"■  """■"  """"•'•..1. 

'""■•^  '"^••'" '- ..s  ,h„  „,.,,,,; ';:  ^"'•"';'';"-i  .,..j  t/. 

'"  '••■'-- "-  .■v.:.-!J . : ;  ^  ,:;'■  •""■•  '-'•  ""•.•... ;,.  ,....i,., 

J-<-"lt.  "'     "'  '•""ni,o„   ro  nif.i.v  ;,,,■  tli. 

-^'- "-;  .i:'.!:..r::,,:i:,^"';,;-  ■■:  ■'"■;■■■'  -- 

;:!''■■'■  ""■^'-•"•■nvJ'^i:J:,:;:::r::""' '-'•■« i.  >.. 


-Ill.|i,-U\(.      S( 


""    ;"'.i'»Nii,.,M    I„.,u<.,.„    ,I„ 


'■"•••""■'""■^•'•'v-  ■     Al.•l■l^^,l'■'n '''''■'■'■;"■  '"'^   '■''^■'■••""nu-m 
<•( 


"'•"  '""-'v<-  ^.i-u,  ,„..„!;;;;."'  ^'"^"''' >7'- '"•^•^- "--.- 

'   .^'•'    'In-.iii^.    iluu    ,1,,;  ,,       "■."■';  '':'^<'   r-'   take   fn.„M.- 


""-   "••"•'li   wln-|..   r,/,|,,,,,Mi,...  ,h,. 


;i    u<»rtli- 


'M.L,.nanan..,W,:..,w,,,,,,,,,^,,,,,^^;^V. 


p.  W. 


tl)      llllc 

iiikJ  tfi.- 
iiii  with 
ill  nnli-r 

•IH'S.S  111" 
■t    s.»ui(.. 

iir<-   tht:- 

•jicfivc 
■'I.      /;/ 
I"   till- 

111      tJic 

liii-li  i> 
>\"rl.l. 
'II  llic 
~i-|ji),  i| 
iioiiuii 
■^  ;(ii<f 
ii-llicr 

-    life- 
litre.-- 

Tlii- 
I  out 
iiieiK 
V  llie 
•  fi- 
ll  f.v 

•    \v<;- 
lil.f.- 

t  Ik 
out 
llti< 
llul 
rtli- 


I       wliilr  iijiiiir.'  I,,  sni-t\    ;iil- 
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I'll"'!'    iiii|i!ii-,.   :iii<i   cue,  1111, .iillv 
Mu    llilllllier    <le\-cln|>|IHIII. 

Tlii-  clicck   iM  ilw  -iiti-fii.-ii,,ii  of  ,,Mr  M, .,',]-  ,„■  ,„ir  ;i,.iivi- 

IK-  ll(C(--ilin,.-  IIII  ;|.ljll-ll|„  111.  :,  l,ili;iM,.,.  ;,,  ||  ur.,..  iH-lv.rrli 
•"•■""-  -""I  ''"'I-  "!■•  ill  "ill'T-  \V,,r,U.  ;|,-clir:lt,.  IMenMIIVlm.iil. 
""•'  '■"■  '''"i''  "I-  ''"•  -^iv;,^,..  u|„,e  ,■;>,!-  ;nv  il„liH.,li„l,. 
i'll.l     .leilv     s;III-.fi,.,|.     rllcr.       i-     n..I     ih,.     -;i„„.     v\]nv^,     ,|n|      il„- 

-nine  iv(|iiirciiiciii.  ii,.|  ilir  -in,,,.  ;icciii;i,-v  ill  ihljieiiiii.  iii,.iiii- 

fHI'l     ''IkI.     IK'I      the     -illllC     (  XMrt      iilcilMIIVhi,  III-   '|„.,.,.,r;||.v,     ;e 

'vith    llic    rivili/.c,!    iidiih.    nn,!    r -(■(|iii  ntlv    ih,.    rliil.rJ    ,„• 

■'"■     -ilViliic'-     IIIIIIiImt     i(i.;l-     I',  liiai iiv    ,',y     l,.s-     illiictilliii.. 

Oiiiv  :i-  ihc  need  fur  .■|,,-.t  iiieii-inviiicijt   i-  tVli  :iii,I  l„c,,iii.> 
:'','";'■'"":   ''?'-    '■"•    ""nil.  r   r,,u<;-\>\    stini.i    .mi    i,,    .•|,.;irii,--. 

I  111-  iHljiernio-  of  iii,;iii>  .in,!  ,.,,,1   i.  ,1„.  |,|,,iiv,.  l„.liin,|   il,,. 

iii.iKiiriiii;    aciivitv.    ami.    in    il,,,,    makiiiM    ,1„.    va-iie    wlml,. 
"•■tlllllc.    ,!..(-    ill,,    fnie    i,i,.i,    ni    imillhci-    -li,,\v     it-,. If. 

\\(    liavr  -ceil  ]|,,\v   fiiiKlamciital   i-   nica-iirciiicnt   in   aiiv 
'Ictinitc  ii,.tinn  ut' (piaiititv.        Tlii-  iiii|)li,.s  -,.iiirtliin,a-.  nioir 
"I-  li—  vii;iiie.  aii<l  w.iriliy  nf  l„iiiM  nieasinvd,  and  a!-..  -,,in.' 
unit   of  niciiMiivnicni.        'i"ii,.    prodiu-i    ,,f  ilic   mind    in    |.rr- 
f'H-iniiii:-   tlii-   activiiv.    rli.-    rin.o    idra.    i-    tlic    verv    ,— ciice 
.d'nimiiici-.       <^ii.-ii,,ie,,f  "Ilnu-  nian.v  ^   an,!  ••IIuw  iimch  T" 
iiiv  involved.  ,iiid  an-wcicd   l,v  ni<-ans  of"  the  miiid"<  activitv 
i"    ivlaliiiii-  iithl   (•(.iiiiiiii::.         IJ,.a|    nioiivc    i-    thus   |irovid('',| 
tor  the  e.Neivisc  of  that  inner  miniher  potentiallv  enii.hasized 
■'   '"''\^'   "inni<-nt>^  a^io.        In   il„.  diiidV  own   wa'v."  ii    mav  be 
i-   (|iie-tioii   of  "How   manv   marbles   have    If '•JIow   many 
more  -ticks  do  I  need  for  ihi-  housed"  -Hovv  nmcli  pla-ticine 
wdl    u    take    for    Tiny    ii.ar's    l„,ul  f"    -How    much    can.lv 
will    five   eenis    buy  ^^    and    so   on.      And    from    the    ehijd's 
simple   needs  there   is  a   ,ura.liial    Increase   in   complexitv   to 
th<-  iiee<Is  of  tile   mature  adult,    but    the   problem    is   always 
Ihc  -IFow  numy  r  the  -How  much  r     There  i-  some  vagne 
whole    to    b..    ma.le    d.tinitc.    to    be    niea-iired.    and    in    the 
last  anah-Ms  this  mean-  a  coimtinji  of  tlie  number  of  timos 
the   tinit    i>   repeated.        So    w.-    repeat    a-ain    that    the    idea 
ot  iiiinibcr  IS  traced  (,,  measuremeiit  and  mea-nrenicnt  ba<-k 
i<)  adjiistinent  of  activitv. 

If  thi.s    is    M-iie,    iiumlK'r    is   a    psychical    pnin-ss.    not    a 
?(nsc  lacl.        N'.iiiber  raiinoi  ori.uiiiate  in  sensation.        Ilen- 


ff  fl 


37 


■J-:^ 


"'■*\i-'''''-'ii.v  'n,,..  „  I...'   '.'i;  T"'  "'""'■"'■•  ""-^l- 

"""•    '""'''"^    '"   -AIMTM,.    ^''"'   '.""'-^    "-'I'i.i::    („   ,,1..,,,.,,, 

""--"'-.-  aim' ivi,:r'::^':' '■'''''-'- -'i.i.u 


I'li-a    ..t    I, 


"•II'     llllllll),.!'. 


•'^    '111'    /iiiiid 


"■        -'■'!-,.-.  Only 

■    ''"iiM'iir.  .    ;i„,| 


'"     '"    ■'    ''I'l'lillll     \\-|\    ••!     ,1        •   I 


;l: '■ ;"'!?-'-  .'-'-'-.I  „:  LC 


'-   '-'li.   "!■  l.r...,l-   ,1,.  I  ','"    .""'"^    "'■*'    ^'•'«-- 


"•'"""«•  '•"ii<.-i..n~iH.- 


'I'lllo      ,,      I, 


'•   "i<';i-iiri.ui..Mr   iij(,, 


lUnii 

.^'|"i"it  of  ul, ;,.(.,: 


|-rnn,na.i..,,  i,,,.|i,.  ,1.,  ,.„•;,::;,;.:  """I^''  l"'""''^^--     Hi- 


'-  :i-   iiiiii- 
i-    III, 


liiiit 


Ir  Jia>  I,,.,.,,  incnri,.,,,.,!  .-nrli,.,.  ,1,,,    i.    ,    ,       . 

■;'r-  -i,h  .  sind..  ri,;;;;:-  "'n;'!:;"""^  "; "-''  ""-1...,. 

^•""^^    "I-"    "l.i.-h    tin.    .nin.l    \      "' ^^^  ,''"  /'    --P   of 

■'  "•«».„.:  ■•t)uti!i:'^-,,,;;:>5;;''«y;'f^xM,„f».,v' ,,  „ 

38 


'  iiMitiid,. 
inafcriiil, 

IJiir.  as 
of    illi,- 

IIii.nI.v 

'      lllillllc- 

"l'>('rv,i- 
iHitliiiio- 

i~tr|i     I,, 

imiil)cr. 
(ilijcct-. 
Only 
■'  ^    .■ml 
r  Ciller 
■    iih-.ir, 
iif   ilii> 
I'cntiji- 
■arlicr. 
I'    few. 
•titiiro, 
f    i  rj  I . . 

'aiiiiMl 
1    .li.- 

Dis- 

tJiai 
ipiim 

ccfcl 

I  i>iit         ■ 

I'llllC  [ 

iihcr  = 

>    of 
th,. 


Iiic!,     hy     the     Iwm     |iicllt;i| 


acti\iiics    ( 


f    .ii- 


I     ■;iii.Talizaii.p|i.      'I'lic  iiiitiir::!  I. 


I'lMiiiiiial  iciii    iiii 


lie  iiatiir::!  iH-iiimiiim-  uiii-i  itc  -i>\ur    wliulc 

*  iic.-!in;r  iiica>iiiviii..|it.   1111,1   iiMt   a-   witli  (iniLc.   wl„,   uuiiM 
I    -raiT  with  uiii.  iliiiio-  .,11,1  ill,. I,  n,,  ,,,  ,\^.,,  iiiiiio,    ,.,,.      -|-!,[, 

vicvy  ill-,,  ,,pj„,  ,.-  ill,.  ,.|,M,.iii  ,.f  liinitiii-  iIr.  ,.|iil,rs  iiiiinl.,.r 
lii'M    ill    llic  first    vi'iir  i,,   lli,.  hiuiiIkt-    1    to    Id. 
;  .'^iiiiiiiiiiii:-    ii|,.    wv    w.iiiLl    k,c|,    in    niiinl    ili;ii     iiiiiiiImt 

•  iii\..,v('s  ihrcc  tiicidr-:  a  ,|naniiiy  t,,  !>,■  nii:i-iir,.,i,  ;,  miit 
<'!'  ii:..  a-iin  incnt.  liic  liim--  the  unit  i-  ,.,,iini,.,|  ,,ir  ,,..  i.,.|„.;,|,.,J 
111  '■..;ii|,ivli,.n,|in.i:  the  i|iiaiitii.\ .  Tlii^  i,!,.;!  ..f  tiin,-.  wc 
l""'''-'l   "'"■    i-    MiiiiilxM-.   and.   .strictly    -pcakini;.    i-    a    rati,'. 

'  -  ntii-ir.ii  iir^M'-  when  w,.  r,.uai',l  tin-  unit  ;is  iilwavs 
I  l.ciii-  a  -iimlf.  iiniiifii-iircl  thin--.  h  may  l,c  ;i  iiniiy  of 
i  iiicii-iircl  pan-.  aii,l  n.-t  a  -tixiMl"  unit,  n-  (iriii,,.  wniil,! 
^  -'''ii  '"  iiiipl.v.  \Vc  jiavc.  for  instance,  ;i  i;r,iii|i  ,,|'  ..raniic-, 
%  -iiv.  1  H.  If  ,,iir  unit  ,,f  nien-urcinenr  i-  the  (|,,/.cn.  the 
an-w.r   t,.  the  ,jii(.-ii,)ii   li,,\v   many  dn/cn   will    !„.    1:.'.        \Vc 

!i;i\i'    ;in    answer    perfectly    iiitelliii-i'hie.         ff    wi tint     in 

f      iliiv.-,    we    -hall    riml    the    niiniiier   ,if    >iich    to    he    -Is,    etc. 

\\'-  ;.;:iy  attcrward-.  ,,f  c,,itr-(.,  cuiveri   the  nitmher  iiit,,  uiie 

I      \vh,  IV  ihe  -iiiiiie  niie  i-  the  unit,  tiiir  nther  unit  heinfr  itself 

■■<  'piaiiiity  ,,f  jiiea-nrcd  parts.        This  i,lea  of  a  fixcl   unit 

\      max     ><>•    ,,verconie    hy    jiractico    in    th.    early    staircs.    cimi- 

I       i.'iL;   i.\    twiis.   three-,  etc. 

llaviiii;-  cun-ideiatiun   f(U'   the   paucity   of  nuinher   i,lea- 

'"  - ■  I'acos.  and   the  ditticulry  experienced   in  expandiuir 

the,-.-  ideas.l  we  are  incline, I  to  ayree  with  .Muiisferlieri;.- 
l  In  an  <'xtcnt  al  least,  in  his  ,, pinion  that  the  development 
lit  -iie  c,iii-ei,,n-nes<  ,,f  nuniher  is  a  s|,nv  and  a  late  one 
'  HI  We-  tdiild"-  min<l.  and  ari-e-  iniich  later  than  the  sjiac-. 
app.  iv(.],ti,,ii-.  IteeaUM-  a  child  counts,  he  reminds  lis.  i- 
uo  indication  that  he  has  many  (dear  uiimhtM'  conce])t-.  It 
i-  u..ulitfiil.  he  ^•:iy>.  whether  a  real  con.scioiisne-s  ,,f  iiumher 
iihiMun-  l)(y,,iid  four  or  five  is  reached  hefore  school  aire. 
Tlii-  -aine  opini,,ii   i-  expre-s,,!   |,y   .Mr.    Husk.''     The  -eii-(,rv 


'  "^''V^  l''",">''  of  "'""  sahjcct  is  well  treated  in  CoMMiit:  "Th,'  XiimlMT 
Loncppt,    and  readers  are  rofrrrod  to  i?. 

=  Munstfri»Tn:  •I'.-.vcln.tonv  and  the  Teacher." 
'Rusk:  "Ex|M"rimeiitai  Education." 
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il\''     -I'll     111     lllr     |.nvr.ll|iM     |,;ii..-.     ihr    ,|ll(.,|i..|i 

ulirtlirr    iiiiiiilxr    i-    iclaic.l    |.riiiiaril\     i,,    um,.    ,,,•    ,,,    ,|,;„., 

'-      ""'      "l-'\^'-  I'       llil-      IxTII      frililflli     n\      ,l,.l,i,t,.      ,,\,.|.      ,i,|,.,. 

til"  \x\u-  wa>  lir.i    n,is,..|   |,v   K;,,it.        Sir  Willuiiii    llai„ihou 

''      'M"«"'i      "t      t'lr      ill,   r-rMlVini-l-.:       ILtImII      uI      lllM,r      wh.. 
■''•'•'•"■''     'lli"      Mlllnlvr     i^      no     lllnrc     P'lalcd      \n     M|,„-     ll,;,,,      |,, 

main    otlior    roia-rpi^.       I.aiiizc    u;i>    in,.,hTaic,    l>,ii     t,-,  vmi  iv,| 
till'   iTJaiioii   of   iiiiimIii'I'   to   -|iari'. 

I  ill'   i|ii<'^lioii    i,.    ,,r   cuiiiM'.    iiiijM. riant,    lirran-i-    ihiro    i. 
=  '     "ii'li'iii-v     loilax      to     ninrn     to     ihr     ,la\s     lai'i^iK      |,i',. 
J'i'.stali.//iaii.    wii.n    I'xcri'iso    in    .•oimiin-    \\a-    tlir    nictlinii 
of   lM-iimii|M    tlic   tcachini:  of   inimlicr.    ami    tin. re    nia\     l.r   a 

ilali^Ii'i-    of    lioini;    to    the    cMrc 

Opi.oM'.l  toroimliim  i-  till'  view  llnil  the  iijra  of  iiiiiiilii'i' 
aii~i-  from  tlir  >iiiiHltaiH'ons  \iMiai  |pcicr|piioii  of  ol.jc-ts. 
iiiiij  ailvocaii's  of  this  iM'w  wi.iiM  l„.ni„  with  iiiiniiirr  |,i(- 
tiiiv>.  rii/htly  l.asin-  their  rlaiins.  iiisiorir;i||\ .  ,i|.oii  I'ota- 
l'-/./.i.  .Many     |i-.vrlio|ooiMs    <ri-     l.ofl,     fartol'.s     fh,.     spatial 

iiii'l  ii  iiiporal  :  ami  Ih'IH'i-  u>  ihcni  the  cNi'hisivi'  n'sr  ..f 
fithi'i'  nii'tiioil  is  iiironi|ih't('.  Wlicrc  ih.'  spatiallv  l.asni 
iiK'tlio,]   is  (ini.loy.'ii   to  till'  ii.'iih'ct  of  tiic  fcinporal  ('li'incnt. 

till'    rhiM    lias    to    Ml|.|.|y    the    omission,    ailij     r/Vr    rrr.^.i.        .\nv 

imtliuil  whi.'h  ilo,-  not  fake  iioth  fcatiirrs  inn.  I'onsi.lcra- 
lii'ii  i-  Mni|.|.\  |.oM|..,nin,ii  ilitiimlix .  ||o\v,.||-  ha-  th,.  ri-lit 
iil.'a  lowani  th.'  .|ii(.stioi,.  rir  sivs:  -'I'!,,.  ..hii.l  ,.nt.'i'>  s.-hooj 
witii  the  I'oiiiitini;  j.,-yrhosis  w.-ll  CMal.l islu'.j  (at  least,  in  its 
Hi-t  .-.iat;i):  it  is  th,.  part  of  wisdom  not  t,,  ii-nor,.  it 
I'lil   wisely  to  tak..  a.lvaiiia.ye  of  it.       |!„,.   for  the  ro,/„>/„;,  J 

•levelopmi.nt    of    nnmher   <'oiieepts.    the   use    of    n U.y    pi,- 

fnres  to  follow  or  accompany  tlic  .se<.ii,M-.  ,.nimtinn  ;,,„| 
liiiiiijliii-  of  ohjeets  is  imiicateil.  Tiirotmh  practice  with 
them  the  al.ility  to  ^rasp  on.iips  is  .sTreii-f lieiie,).  :m.i 
I'recept.  iimi-:..  ami  syml.olizarioii  all  ar,.  I.roiio'ht  ai^.m  with 
eci.iiomy   of  time  ami   effort." 

The  question  is  srill   further  involved   l,v  the  variahih'tv 
"^    '"''"^viiH'nt    types    amono.    p„,,ils.         -I'l;,,    ,.i^i|,.    ^.j,,    j,; 

^  Ro-^c  Mini   I.miik:    ■Crouiiilworlv  of  \im,I..M.    '  ,.    ", 

-How.i,.   ■  |..,un<i:itii.nal  Stit.l.v  in  the  lV,l;iK..uy  uf  AiilliinctiV.- 
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(•IIAI'IKIJ    l\\ 
so.MK  .\si'K(  IS  <>\-  M  .\ii;i;u  Ti;.\(  lli.\(;. 

Ill  tilis  aiKJ  lllc  ^iici'ccilili::  rli;t|ilcr  i-nfiiiii  ;is|)cct-i  iil' 
illililllii'Iir   Iciirllillli   will    U'  (nli-i.jcifd.        SiiHic  i  if   t  llcsc    llj|\c 

'"■< '■    |ii'.imiiifiil    tiiioiiiiii   ioiitr.i\crs\    :iiiil    Inivc    iic'ii    ilic 

.slll.jccts    uf    cXIMlillH mill     Wuik.  OtIliTs    illV    ).||;l>i>    wili,-|| 

nt  |(lcscllt  liicij  iiini'i'  ilitclliiiciH  licwlliiclil  :  wllilc  ulli.Ts 
ii;:iiin  iiri'  \vnrtli\  nl  niuii'  |.in|iiiiiiii<i'  ili:iii  ijicv  iti-cIm'  ,ii 
tJir    llilllils    ot'   the    ;|\crjl^c    trjii-licr. 

It  is  not  till'  iiitnitiou  ut'  tlir  wiIiit  to  ^u  Into  iiiiiuit<' 
details  (it  mctliii(|.  As  (■\|»'iiciicc  omus.  i>nr  Iwcoiucs  more 
roiiviiiccd  tliiit  it  is  futile  i>,  Inv  .Inun  (Irtiiiiic  sfi'jis  of 
Iii-(X'c.liiif.        Oil.,    is    ill    licintv    a.TonI    with    I'icifcssor    Do 

(Jiiniio  when  he  iidiiiniiislics  tcii<'lifi>  tliiii    tlmd   iiiii<(t   nut 

lie  re-ianN-ii  as  an  o\crI«»rd  doinliuitin;;-  all  the  doins-s  <tf 
tlic  Icarlar,  l.iii  rather  as  a  uiiidiii^  friend,  pointing  uiit 
the  sii.irtest  path  To  a  desired  iioai.  While  there  are  a 
few  General  prin.-iples  applieahle.  with  siiitjil>le  iii.xlitica- 
titins,  to  all  siilijeet.s,  there  is  no  universal  method  for  anv 
siii.ject.  and  the  teacli<'r  is  nioie  efVe<-tive  when  he  applif's 
the  principles  of  method  in  accordance  with  his  own  indivi- 
duality. Professor  I )e  (iarnio  niiyht  have  safely  added, 
tli«'  individuality  of  the  pupil. 

'i'liere  certainly  is  no  royal  roail  to  siu-cess  in  the  teach- 
in}j  of  arithmetic.  In  the  past  we  have  had  onr  various 
so-called  methods  -the  (irulH',  tlie  spiral,  the  ratio,  etc.- 
and  adv(K-ates  supported  their  respective  favonrites  with 
ajiparently  logical  |trinciples;  lait  .'a<'h  method  was  found, 
in  time,  to  lie  narrow  and  to  exhiitit  some  psychological 
weakness.  Any  method,  if  emi)l<>yed  with  consummate 
skill  and  energy,  will  Iw  fruitful  of  residts,  U'caiisc  the 
child  is  so  responsive.  '|"oo  often,  however,  wo  are  treated 
to  a  t<'acliinu'  device  which  some  enthusia.st  hm  mistaken 
for  a  method.        Tc  .-hers,  however,  in  avoidinjr  extromes  of 
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■i 


Uil 


: « ■  m 


,.    V,v»";    w'.tnt-         ■■■l\'-. 


<"il.v  111   iini.r..v,..|  .■M,.,f...l     ,  t       I  •  I'-iilt.J    iiM 

'"-:.:'::T:i:;;;i,j-;;;\7;-»7:;v---::!-:::- 

;l;;.;:,,;;:'::;:;:f  : ':;::';;:::s:M:::r:::";;':;:: 
■-;"- I-':;;,::;,'::::;: "• '- -'■■ ■■, 

:::"-i::Mv:";:,J;;;:l/;;:!:::;':;;;::"-f^ 

ill  .nv  s.i.i.h.,.,,  ':.'?• "":••  l"''-!'!--^  .iii.v  Ih.   fo„M,| 


■^tiiii.liiid   wnrk  on   -ciuM-iil 


'  "'l""l.'  Wirliii,    tUrsv 


;:;;;:";;::;!:;;;:M";  ■;'"■■■ -I":-.:'. rr!:;  :;;,-■■: 

■  "    'p'"'   '''•^'■l"pi'i"iir   ..f  „    liu.   |„.v  ui-  ..i,|       Tl 

l»    no   nlic       ,.-(     liii'tli...!    t        I  1         •    ,  ■  -    '  '•  '  'I'''''' 


IIIHI     llll.lil 


"'•'■  ^"     '•'••'•ll.l,st.-„„.,.s  lUiM   rulHlilions. 


,,,,;,„,    ^,,    ,,,„;,    ^,,.^,    ;„,,,:;;•-   -  -.-    .•nut...! 

-•'^---i '!..•  riin.,i.,.  ii. ,.:;,:;;;:,,,,;  i;/';-;-^-^^^ 

""■"f-  "f  flic   l...st:    in   ofh,.,.   ^1   '  '''T        ''"■  "'^'""- 

'  For  iiiv|,ii<>c  \l,\Iiirii       11 

'"-"<■" ^'-""".n:.S:;;i'i.;^.^;?si^'itii;.... 
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I"'"''"''-         Ni'i.i.l.iliiv    I.I  it.  irii.'  .i-ruli.'iui.r  -i   l„    h.li. 

ii|'!'nTii,i,..|  l,v  til.,  t.i.rlim-  ImmIv  U.tni,.  il...  ..|,i|.|  will  .■.•.•.u. 

jll-l      IIVllllll.lil.         'n,,.     Mi,|,l.l,.|,l     ..t      I'lnt.--,,,-      \.,||„..l      ill., I 

H:ar|„.|„„tir.  ,.,IU    t..r  ,|„.,.i„|    titirni    ;,i„|   ,..,i:,    |,„  .|,  ",,m.,.,',| 

'  "  "till    i.rtivilir.    i,    ,ui   ..,.i„iu„    ,h.,n.,l    \.y     .•...■.ti,    .,  Iii.mI  ,,„i.,  | 

tliiiikci'>. 

Ill    '!«'■    "llfxl    thr    tiiirJi.T    s|l..„I,|    |i;,v,.    „    ,,,, i.l.lv    ,..„„ 

i'n  i|,||M\r  \  i.W  ,,r  till'  nilll  ,,(  .-illlratinli  ;  Iv;,,.  ,lli|  I.U  .  Jm,  mii„ 
X"  "Iir  h.ls  v.t  j;ii.>|Md  it.  tllll  sii:tlllirii||.r.  I'jir  ;liin  in 
iMItllllH-ti,-  -llMlllil  .•Mllfurin  lu  tl|i>  o.lirfili  ililll.  'J'l,..  1„.,| 
''"•"-'"     "'      ''"'-i:     '  llll'llil-iA-     llir     rilllrll.l,     ,,|      li„.     „.| I     ill 

"'"'""-  '"'   '•'!  "•'■^  "■'■•  ;iii'l  wr  tri..,|  u<  >li,,n   m  ;,  ,,iv^  i..„. 

'■''•'!'"•'■  'i"^^   m-infti..ii  ill  Mritliiii,.fi..  f,.||  ,|,.,,|   j,,  ;,,  , ,,, 

;"i'i"ii  I"  ilii-  triiiiitiit:  It-  il  .liil  ,„,t  .^,v..  !,„■  |,ii|,iU  il  -M,-ial 
iii-i:;lii  int..  miiir.  u,tu\  .  in  iruiiiiM.|ir.  l\,  ,|,,  f|ii.,  ,1,,.  wmk 
■"   •iii'liiii'''i'-  "iiJ.i    iM   Ih.  .|,.riu.,l    III,,,.),    |„,,n.   !;,i"^,.iv    tin.,, 

''"■      I'lll'll-"     "«'l      ll'r.U      ,,IhI      .llnlli.j      iilili/..      ,1,,,,,.      ,|,j,.|,      ,,, 

'."•I""'r     ll"'l'''     'll^'ll     1-     'l-'li(.     iit     |.|V^rt,t.  Sri I     innlriiiil 

:-  Vi.illilMr  n„l:  il,  -.,  t;i,.  ,,,  i,  ,-„,.„i.|,..,  ,.,,,„„t„„,,„.,  t,.r 
"IM  .  \|.IV»|oM  ill,.!  ..N|.ii||Mu|,  Ml'  |H,Url>  inlin-ctlt  it,  ,.;„.|, 
•flll'l    illl.l    .Tvilio-  .,,11     (nv    ,l,.V,.|„,,|ll..tlt.  Wllii    „1,-||    lllilfrl-iiil 

""  :"'"f"-"il  -tiiiinjii-  ,-  ...■.•,.,si,n.        Tlu-  iHipil  i.  iMt,.,v,t,-,| 

!"■    i-    'cIl  ii.-ln,,    iiii.l    ;|,   ,llc   IMI.I    t.,    !„     iv.irli,.,!    ImvuIi,,.,    , ,. 

l""'("-^''liil-  ii'i'l  IV  .Irpth  i.  ::iv,.,i  to  rli,.  ,.l,il,|\  t|,ii,Li„„ 

■'"■  -'■'•'""■I'  i>  lii-  '•ll'M-r  :  I, lit   ii„..|VM   i.  ,,n.„.,;i  uli  ,1„.  ,j,ii,.~' 


F<( 


WIIKX  TO  |;i;(;|.\   akitiimktk 


Tl 


!<■    c|nr^l|nl|     ulicli     r,,n,,i,|     ;irit|||||,.lir    sl|,„,l,l     I.C    titlH;!,! 
U>V    ihr    liisf    liinr    |,j^    !„.,.„    ,,,„|,,,.   ,|i.,.,,_i,  ,„    j,,,.    ^,,|,„.    ,;,"^,,, 
I'll.'    <',„||||,itt,,.    n\     KittCMI    liilV,.    if    ,,.    it.    n|,i„in„    ,1,;,,    ;,lill, 
lli'H-     -Ik.IiI.I     lint     iM-ii,     until     th..    srcoli.l     srlinul     vcitf    :.,i,l 

-llnlli     I     I.C    .•UU,|,|,.n.,|     ;,t      tl„.    ,,„,j     ,,(•    ,|„.     ^i^,l,_  Willi;,    ;,„,]„,,    ,. 

li-  illV  l;li,-iv  W..1I  ii:.,Tr.|  thilt  ■•fun, .ill"  iirltlimctir  !,;,', 
11"  I'iiKV  ill  til,.  liiM  v,.;ir  nf  s,-l,nu|  ;,t  1,.;,M,  fllj.  ,,|.l...,:, 
ilil-     rot     fn||,„|     i;,.|„.,-ill     .•xprrs^ioll     in     nil!     cniirscs    n(    -•    |,1>. 

'''■'■''•'I"'  _ I'll   'Ii'|'<'ihU   nil   ..III-   iiitcrpi'.  r:iri.>ii   ,,(  tli,     w.r.l 

'"t'lflllill." 


'  \<<w\u,:  •■'rcM.liiii;  ,,|   Mutli  m.iiis 


With  l\.st;,lozzi.  uv  lu.v,.  >,.,.,..  tmiuhrr  u-rk  l..o„„  u-li,„ 

;:''■■'■>'    ••■'•<;-<l.  -hool    .n.1    ....,.ri.M...,l    ,ln...„,l.:„r    ri,..;,. 

'"'s.-,   I(.st|,o./,   H.ajnfa.nino   that   vo,,,,.  ..hil.lr,.,.   ,n,>k  to 

n.,  MMs  as  kuHllv  as  rlK.y  .li.l  ,o  l,.tt.rs.        His  hdi,.f.  t,.,. 

u     lu.    „n,..n,an....   ot    mnnh.-rs    as   ,.„,.    of    th.    sonr...    ,.r 

kno«|,.,|.<.  ai..|  ,ts  vahw  hn-  ..u.ntal  frainiui:-  u-,ml.l  I,,-  ,•..,.,„,. 

Inr  Its  rarlv  inror|«,nifi.ui  in  the  s,-l„.n|  .•un-ir„l,nn. 

•''^   '/"''•'■    '" •|»'>"-"ti<'i'    was   ..iitiiclv   ,m|,„s,.,|    r..    rli,. 

•■"•^";".'    "*,''"'    '•■' '"^    "*■    '"■'*    ''""••     '""     ''"■    >".Trss    uin,.h 

liK't  Ins  ..llorrs  aial  tl.r  (.inlnisiasni  nf  Lis  tolinuvr.  n..,il„.,i 

u.  lan-lv  .licncral  a<v,.|.tan,-,.  of  Lis  srl,,.,,,,..   i„  tii,.   K„.,|i.l,- 

sprakuii;-  worM   at   l..asr.        Wlnl..  tluT,.  hav   l„...„    ,.,;„,srs 

.■.MM  n.M..  ,o  ruM.  ai^ainst  tins  Prstalozxi.,,  plan.  tiJ.,..  wa. 

hnl,.  .onil,„„MU.f^o.1   iK.fotv   ,1a.   n.port   vr   n.tVnv,!    „. 

On  th,s  s„|,.  ot  tbo  wat,..-.  i„  fa.-,,  w.  l,av..  ont.lou..  .v.,. 
i<-l;.I.,.z,  an.l  folIowin;i(Jn>l,...  ,i,.,na.„l,.,|  a  ,l.ur„ndna.s, 
n.<.n....I,uulHuth,.,n,miM.,-.pa,.,.  ]  ,o  1...  wim-h  i.  ,,„iro 

.  K'-nnost  in  tli,-  attark  ayainst  .1,,.  oaHv  adoption  „f 
anthmctic  may  U'  nicntioncl  sn.-h  men  as  Hall  .M„..o 
"11.  I  atnck.  Tl.c  lattiM-  contends  that  tho  rliild"  at  tins 
•■iiWy  aj..-  is  nual.i,.  to  .leal  in  al.stnu-tions  whid,  nn.icrli,. 
;|  M'al  .•omprchcnsion  of  nun.!'...-,  an.l  attrilMitrs  tl... 
JITot..s,p„.     innulHT  fonus.  uhi.-ji  lie  .-on.l.Mnns  sru-vvW    to 

rla-  <lcsp,.rat,-  att.Mnpts  of  ,1„.  ,Ini.l    to   oiv.   s ■    ki,„i"  of 

•«>-I'  .V  shap,.  to  tl,o  ahstra.tions  wlu.-Ii  a.v  fo,v,.,l  „po„  i.i„, 
1  rotcssor  Unrnhaiii.'  vicwin-  the  .pn-stion  in  tiu-  li..l,t 
of  hv-inic  of  instnirtion.  ,-onton.ls  tliat  ,1.,.  sniijcct  .|in„l,| 
not  I.,"  taniil.t  hrfon-  tl...  a,u,.  of  S  or  l(..  ff  this  is  „l,s..rv,.,] 
thcr,.  will  l,(.  no  necessity  for  th..  artiticiaj  devices  ;nid' 
n'«'tlM.ds  .....ploycd  and  whi.-h  so  oft,.n  l,.ad  to  arrests  or 
int(.rt('n'nc(.  of  association  later  on. 

Ilnsk  <piot,.s  A[unst..rlM.ri:  with  approval  in  nr-in-  the 
postponement  ..f  the  formal  stn.ly  of  arithmc'tic.  The  "Jnnn- 
'•■'■  id..a  ,s  r..lat,vc>ly  lat,.  in  makino-  its  appearan,-,..  n,.canso 
tlic  yunnfi-  ch.ld  can  "lihiy  .-..nnt  to  f.-n  or  U'vond  i<  no 
M,itii,  in  h.s  opnnon,  that  he  has  oraspe.l  nmnlii.r  relations 
in  tact.  <..x,HM-ience  shows  that  manv  of  the  child's  powers 
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'     S'.  '^W^i-^tt'r.'^rfBMi' 


'lllfillilv    lli 


s   llll,i:illstir   puwcis.    ln% 


|ii'l'cc|((lnll    (I 


tioiis  iilid   Ills  Mciiciiil 
iindcrstiiiKlinn  of  inm 


S|)iltllli      ll'lil- 


sfiisoiv  jictivitv  ;irc  ill  iiilviiiicc  . 
Aim!  tl, 


)t 


'iiicr.  And  fh,.  .n.iiii.-irv  clnh 
(Iocs  well  if  li,.  (•.)mprcli..ii(ls  tji,.  iiuinli.is  ii|.  to'tlinv  or  tuni'. 
Mv  ..wii  cxiKTiciicc  icii.ls  nil'  to  cxpn'ss  tlic  o|Mniun  limt 
the  avcMii.-c  clnl.l  has  a  nmcli  lai-ci-  .M.in|nvli,.nsiun  .,f  iminl,,.,- 
than  .Mr.  Rusk  sut-o-t.^ts.  1  Tivariai.lv  fca.-hcrs  find  this,  aii.l 
liavcconsid.Tal.Jcdifticiiltv  l<cc|)in<t- within  tile  limits.  1  t,.  jii 
l.rcscrihcd  l,v  the  c.nrs,.  „f  sfn.ly  fnr  the  Hrst  vc'ar.  cvn 
iM  scJKM.ls  where  no  undue  time  is  oiven  to  the  snhject. 
Kven  iiranted  that  these  ol.servatioiis  represent  wliat  \h 
li-enerally  true,  it  is  no  ariiiimeiit  for  an  (.ver-emphasi.  on 
toniial   work  diirino   the   Hrst   vear. 

In  his  simj-csted  '•Course  of  .Stud.v  in  Arithmetir." 
-Me.Murryi  makes  no  provision  for  rci-nlar  immlx'r  work  for 
the  first  year.        lie  finds  that  it  is  hetter  that  the  ehihlivn 

iiathernnmlier  experiences  iiieideiitally  from  home  and  >cl 1 

iK-tivities.  The  time  sp.'iit  in  drlllin-  on  the  numhor  com- 
I'Uiatious  may  In-tter  he  employed  in  l.roadeiiine  the  child's 
exiK'riences  in  nature  and  human  atlairs.  I'upils  who  hav(. 
not  U'i>u  liiir,|,.iied  with  this  rei-ular  and  svstdnatic  work 
wdl  do  much  Letter  work  the  swoiid  year  and  oasilv  over- 
take the  others. 

On  flK-  otli-r  han.l.  Smith-'  is  of  ihe  opinion  that  the 
idea  of  postpouiujr  the  f..riiial  study  of  numlH-r  until  tlie 
swoiul  year  lias  not  yet  impressed  itself  very  seriously  upon 
the  minds  of  e.lucators.  He  admits  that 'the  child'  midit 
spend  the  twenty  minutes  a  day,  devoted  to  numlxM-s.  more 
protital.ly.  hut  that  this  is  not  likely  until  such  times  as 
play  has  hecome  more  systematized,  tlius  ensuring  that  this 
tune  shall  he  devoted  to  exercise  in  the  open  air  un.h'r  the 
iiui(Iance  of  a  skilled  teacher.  Furthermore,  to  omit  arith- 
uirtic  from  the  curriculum  of  the  first  vear,  relvinf.-  up.ui 
flic  teacher  to  u>ach  it  ■•incidentally"-^  '  wonl.l  mean  verv 
IKTtunctory  work  in  the  majority  of  cases.       Added  to  this 


'  Appendix  B. 

'Smith:  "Th.-  Trarhing  of  Aritlnnclir." 
,  ,.  >»«'^?]'"; '"Thp  TcachitiK  of  f>riin.irv  AritlMmfic  is  verv  do«l)tful 
of  this  incidental  trPHtmrnt."  »w>  uwi.iiui 
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ir   nE3»irt: 


It     is    ])0„r    |„M|i,,s.„uy    n.    .•nn<-.Mirr;,tr    fh,-     work     i„tn    ,.     tVw 
:-n's.         Ka,l...r    sl,o„M    if    I,.    s|.,v;„l    ov.-r    |,n,.-ti...llv    ,1„ 

vl-l<-   S..I...0I    ,.a,v,.,-.        ()„|v    i,.    ,„is    u-.v   ..;.„    Mnn.i.;...    1... 
i'nip(Tly  iiiiprcsscl  ii|.(.ii  the  ,-l,il.|  mind. 

ii  cunrsr  l)ct\vccii  iiiiy  cxf rcincs. 


n   our   n.-h   ..o,.rs..s  ot   .srn.ly    to.l.y,   wi,l,   thrir   pn,visioM> 
r-.i-  aaiMcs.  stones.  .•onsrn..-riv..  work  of  i,||  kiii.ls,  flw  .-hil.i 


•Mosf  t(«jicli(.|'s  will  sfcci 

'>ur   ricli 

aniMcs.  « 
will  Mwvt  M.any  ,„.,„!„.,•  ,.x|M.ri,.p- -s.  ni.kino.  rlu-  sul.j.vt  of 
'''.'•'•l'  H;;.<'''<'sf  .0  ln,n.  .n.i  tluT.  ,.,.,.,1  l„.  „„  .n-at  a'no.nr 
'  '  f'"'  ♦•"•:'».!  sMl...  Ti...  tn.M.  is  rliat  if  rlu.  lif,-  of  tl... 
.•Iass-roo„,  ,s  ,0  l„,,r  son.r  n.lario,.  to  o,u-of-.|oor  ,.x,„.ri- 
'■>'<•<•.  .antlmirt,,..  wlii.-h  is  K„t  tl„.  ,,„amitativ,.  si.l..  of  s,,,.]. 

;'^';:7'7'-  '''''^^  ';-•-'   '••-■  I'l-'  -Inrin^  .v,..v  S.IU.0I  voa:- 
-.  ms  of  <..,nt.,.t  l.,.,w..,.n  s-hool  .,..!  i.onu.  an/l  ..nvironin,.. - 


rs. 


si.g.a.-st  tl.ci.isolvcs  to  i.ll   tlionojitful  tca.-h. 

OIUKCTIVK   TK.\(HIX(}. 

Sin,.,'  til,.  a,lo|.tion  of  tli,.   ,.r,.s,>nt   svstcii.   of  nmnoraN 
ami  pn,)r  to  tl.,-  n.i,l,ll,.  of  tl,,.  nin,.t,.,.nth  c.ntnrv    ol.jcniv,. 
ton.-lnnji-  was  s,.|,lo„.  if  cv,.,-  ,.,npl,m.,l.      H,.fo.r  onr  ,>ros,.nt 
li'iHici-als  l.,..-aiii,.  .iiciKTal   i„  ms,-.  oI>j,.,.tiv,.  t,.a,-hini.-  was  tli, 
'•:'•""'<'■'  iHi.l   n,..-,.s.sary   nu'tlu..!.        A,l,|itions  an,l  "tl„.  otla-r 
sniipk.  oiHTutMuis  ,.„ul,|   h,.t   I),.   p,.rfonn,',l  witl.,.nt   tli,.  ai.l 
of  nn.Moru.al  e,Mint,.rs  ,„■  tli,.  alnicus.       Aritli.iu.ti,-,  w,-  liav.- 
soon,   in   tli,.s<.  ,]ays  was   in,.st    lai.ori,n,s   uii.l,.,-  th,.  Hiiiiisv 
s.vstr.1.1  th,.n  >n  vo.,„..     With  th,.  a,|v,.nt  of  tli,.-M,.w  .mm.-raN 
n  i    such    n.,.<.hani,.al    .h-vic-s    w,-.-,.    tin-own    to    tli,-    winds 
llH'  ol.l  us,,  t..  wlii,.l,  tlu.y  had  I,,-,.,,  put  was  not  now  ,„.<•,.<' 
sary.  and  no  n,.,.,I  at  all  ,-oul,l  he  s,.,..,  for  thoir  ,.ontinuanc,. 
>-„    antlii.„.fi,.    |.,.,.a.n,.    mor,.    rul,.   of    tlunnl.    than    ,.v,.r' 
Aunibor  ta<_-ts  and  rul,.s  for  .•oiuputation  w,.r,.  ,.opi,.,|   fro,,' 
fho    t,^a,.|„.rs    t.'xt    and    nu-iuoriz,.,!    I.v    tli,.    pupils       |  irtl,'. 
pro,:;r,.ss  ,.oul,l   U-   u.ad,.   with   su,-li   u>,.tIi.Mls  of   insrru..ti  .., 
Anyon,.   who   mastor,.,!   th,.    Iful,.  of  Thr,-,^   was   .-ousi.h.r,.] 
•'   •■<•''   matlM.u,at.,-ian.  an.l   was  nim-l,  sought  after  to  solve 
.n>:n,.ss   prohh.n.s.        This  result   follow,.,!   in,.vifal,lv  f.-ou, 
the  ne,.ess,ty  of  wntin.ir  .lown   the  mass  of  material  to   l.n 
"";in<.n.,.d.  ,M.al  arithuu.tie  U-.-auie  an  unknown  a,'tivitv  and 
antlnuet,,.   !..,,„„.   impossible   for   a   eliild    bef.uv   he  coui.; 
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MCtlC,      tlll> 


nmo  a.lvocatos  of  the   postpuncinciit   of  aritl.- 


lMil\' 


i'o   IVstJilo/z 


II'   rc:;anl('(l   as   not    an   uiiiiiixcd  evil. 
I.  as  we  have  seen,  tliis  mctliod  of  1 


K'li-IIIIIMIL; 


•jvitli  a  luasrcrv  of  rules  aii.l  |.riiici|.lcs  was  luipsvcholoulc;,]. 
lie  was  not  pcrliaps  ori-inal  in  liis  opposition  to  tlio  pn- 
vailm-  pia.-li<-o.  l.ut  ncvortlirlcss  li,.  !>  oivcn  the  .-rcdit  for 
r«'volnt.oni/in-  ni..tlio.ls  of  faciiin-  priniarv  nuinU'r  work 
He  iK-in-vcl  that  .-v.-rv  sul.j,.,-t  slionl.l  !.,■  anaiv/.,.,l  int.. 
■ts  siMipIcst  .■l..nicnf>  an.l  tli.-n  iira.lnailv  incivasci  in  roni- 
!'l<'Mt.v,  Ins  maxim  Lcin-  -From  tiic  simple  to  tlic  .•omp!,.x.- 
As  a  tnitlicr  point  of  mctliod,  !„.  niaintaiiic.l  that  ol.scn;:- 
T ion  or  sense  peivepti.m  is  the  l.asis  of  instnietion.  Thr. 
"iimlK..-  work  with  actnal  ol.je.-ts  was  witli  him  follow.-l 
I'.v  work  with  charts,  npon  wliieh  wn-  dots  and  lines,  eaeh 
"eiiii;  eonsidered  a  nnit. 

As  mentioned  l.efore,  Pestalo/zi  was  (pii'  irt'iierons  as 
to  what  ol.jeets  mi-ht  U-  nsed.  He  ha<l  no  oi,j..<;tions  "im 
the  fin.ncrs.  The  teacher  himself.  Iiowcv.m-.  performed  wliar- 
ever  manii.ulation  of  the  objects  was  necessarv.  The  pnpils 
ohserve.)  and  answered  .piestions  asked  i.v  the  teacner.  n,. 
written   work   JM'inii  allowed  at  tliis  a<;e. 

The  enthnsiastic  reception  an.l  adoption  of  I'estalozzi's 
inetho<ls  have  already  I.een  descriUMl.  in  nearlv  all  cases, 
liowever.  the  spirit  was  lost,  an.l  his  foll..wers  went  t.i 
extremes  never  dreauie.l  .if  l,v  th.'  master.  Arithmetic  and 
<.l>.jective  t.'a.-hin-  was  n..  e.xcejiti.in.  and  ..niv  nn.Ier  recent 
psvcholoiiieal  treatment  is  a  m..re  rational  ns.'  .)f  objective 
teachini;-  heinji  w.ii-ked  ont. 

It  was  intimated  alK)ve  that  Pestalozzi's  actual  w.-rk 
with  ol.j..cts  hel.l  the  pnpils  in  a  more  or  le.ss  passive  atti- 
tnde.  i'estalozzi  was  a  firm  U'liever  in  self-activitv  of  the 
<-hild.  hnt  it  was  just  another  instance  of  the  failure  ..f 
his  theorv  an.l  practice  t.)  harmonize.  We  owe  n.)t  a  little 
to  Hrorhers  insist.-n.-e  .>n  self-activitv.  a  .l-ctrine  which  h.- 
reinforce.l  .•ontinually  hv  actual  ..|as>r,H)m  practi.'e. 
1  ndouhte.lly  other  subjects  respond,.,!  m.>re  raj)idlv  to  this 
doctrine  than  ,li.|  arithmeti.-.  We  see  In  the  pivsent  t.n- 
dency,  alt..st.ther  t...,  rar...  t,.  utilize  ^ani.s.  and  to  relate  th.- 
work  to  the  home  and  envinmnu'iital  experien,-e  of  the  child 


a  rfc,-»giiili<in  of  tlie 


■^..un.iness  of  the  Kroeiieliau  doct 
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f   ..my   1„.    ,,„.|„K.   ,„„t,.,„|,,|    n.,r    |>,.st„lozzi's    parti. 

s  ,.u„  ,.„tl„„„s,n   ,na.l,.  ,,,.  to,-  ....u-l.  ..f  tins  .I,.f....t        , 
fl">  '•'-.  .Is,,  Ih.     n.l  ot   ur,ny  .,f  his  UUnu-y,  ,u,\  of  m    r 
<-n-f   t,.a..l,...>   ,o.lav.        Ol-sM-vatio,,   was   witl      C  t    o  ' 
--I-    n.thn.   rla.   ,.,..1    iM    its,.|f.         It   was   tV.,,u.m         ; 
U.  Ml  that  „l,s,.,.vatM„.  sl:,.„l.|    ,.n„...,..I   „„.,,.,     ,.„  ,.  ,- 

^'>:::-!^^' ':^^^^^^  •"■ '"^ 


I*li,fcss(il'    Dcwcxj    ,-n 


iii'slract,    sa\ 


•<-<l  ideas  of  iiiiml.,.|s. 
'I';i«'lltil.,'i   lljioii   tlir  (.oilcivt.-   rs.   the 


/=;:>   ...    i-iirt:    ■•Sin,.,.   f|„.   ,.o,„Mvt,.  ,I,.„ot,.s   ,l,i„k- 

'"'.    ''!'■     'l"!'«-ul,„.s    that     |,r..s,.„t    tlu.,ns,.lv,.s     nrani.-allv 
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'    !'"■••-  'i>'<l     -=i.'....   nt    ,„,n,l,..r   n.lations   are   .h.a.-lv 
;;;--;ltly....uiK.,.  hh.als,.,.a-n.t,.,.v..nif,i,,„.^ 
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;;;;•';<--..  i.y...,  th,.„,s..iv..s.  th.  instnH.ti..n  th;:^T^ 

f  i  Hi    .s    as    ahst.-a,.t    as    that    whi,-h    .loh.s    o„t    r..a,lv-nn,l,. 

•''••'■'''■;'n'^a..,ln.h.s:f,n-it,listra,.tsatt,.nth,nfr.,„      h    ;     , 
""■'•<■  I'liysK-al  c.xcitatioiis.  ''■   ' 

.      ■'•      •     •     .     Tlimjis   an,!   sensations   .h-v,'!,,.,   the   ,.hil,| 

;■" ^'     "'!    "">•    '^■;—   !'<■    "-    th..,M    in    nLterinl       . 
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iilil  s  own  expel 
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i  he  lalioratory  method    is  of  conrs. 


>i  matiliematics. 


It    IS    th 
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simplv  insists  that  tl 
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all  science, 


1h>  taken  advantage  of  to  the  f 


ic  experimental  oriijin  of  matliemati 
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tiw  method,  and  its  employment  has  done  niiicl 
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1  to  correct 


v\i.  c:;n)lia-i/!i's     Ihi 

i"'!K  II'!    t'c  Cllllcrctl' 


»l?ill 


llic    Wiistcful    liui||i|iMlillio||    of    nl,j(.,-I>    iiihI    In    |M>ii|t    f.,    lli,. 

iiioiT  pinpusct'iil  1IM-.       Km  CM. II  here  luiiiiv  tcnclicrs  ex.-,., 

wllilt     IS     licccssiirv     to    csfjll.lisli     (•(•Itiiill     llliltllcHliiricill     t;irt 

l.oiie  jil'tci-  ilic  ciiihl  is  coiiviiiccil  tliiit  :;  iiiiil  :,'  nvc  :,.  il 
t.'iK'li.T  persists  ill  .■\ciii|)lifviiio- tl„,  tnitli.  until  iviil  Lon,!  .i 

sets    ill.  Tcilcllcrs    ..ficli     litlidlll'    IIIkIci'    tllc    lliisi-olir(.|,tin 

that  <'vci'.v  lic-iiiiici-  must  !«•  piiiccd  in  rlic  i.rcsrncc  ..t'  liN..-k 
t<M.tlipici<s,. •!,•..  icnanlN'ss  nf  the  fjicl  tllilt  lie  liiiiv  Ijjiv 
liiiil.  iiiid  iii<(.iv  iliil  Iiiiv.'.  a  tiiirly  licli  niiiiiU'i-  rxp.Ti.iu 
prior  to  liis  .•iitrv  ..f  sdiool.  and  that  this  experience  wii 
Mviire.l  ill  the  natural  way  in  liis  daily  occupations.  Wlic 
'I'ony.  Iiia\cr  than  the  others,  i-onl.|  stand  it  no  |oni:er  .ui 
exclaimed  to  his  teadier.  "ho  yon  tinks  I'm  a  taui  fool; 
he  i)iit  spoke  what  many  a  lad  carries  in  liis  heart. 

Of  late  years  ol.jective  teaciiiii-  has  iiroadeiie,]  cniiMdei 
ahiy  in  its  meaniiii;.  The  use  of  any  c.ncrcte  experience. 
of  sens.,  perceptions,  to  i-ive  a  clearer  idea,  a  Letter  concepi 
may  he  termed  oiijective  t.'achin-.  Tims  it  is  no  lo„ire 
limited  to  the  nwiv  use  of  ol)j,.cts  in  tlie  class-room.  Ai 
•  ■xcnrsi.m  to  the  local  hank,  to  a  Imildini-  mider  <-oiistni. 
tion.  or  to  an  eh'vator.  for  the  pnrpose  of  ohs.'rvation  where 
upon  t(.  i.ase  fmnre  prol)lems.  may  U-  considered  ol.j..ctiv, 
teaching-.  The  use  of  pictures,  (liaiirams,  ..raphs,  ntimlM. 
.liames,  playing  store,  vtr.,  are  only  a  few  of  the  varied  form 
which  olijective  teachiiii;-  may  take. 

TLis  hroadeniiiu-  iception  of  the  nK'anin<r  of  oi»jecri\, 

work  IS  seen  in  another  (|uartei-.  It  has  usnallv  heei 
assmiied  that  the  need  for  objective  treatment  decreased  will 
iij-c.  While  considerahle  presentation  of  dhjective  materia 
was  c<msidered  f>..od  in  (Jra.le  I.  it  was  a  -i'liii  ,,f  weakms- 
if  employed  in  the  later  ■.fades.  Tho  attitude  now  is  that 
the  newness  of  the  topic  is  the  detennininji  factor.  TIm 
impil's  experience,  rather  than  his  age,  will  Ik-  the  propei 
criterion.  'I'his  view  awaits  e.vporiinental  investigation.  Imt 
111  the  meantime  many  teacher.s,  under  the  c<mviction  that 
the  view  is  sound,  treat  sneii  topics  as  scpiare  root,  fractions, 
and  various  topics  in  mensuration  and  t'oimnercial  arith- 
metic,   in   their  intro<luctory   pha.ses,   olijectiveiy. 

Otie  form  of  ol)jectiv(>  teaching,  the  school  e.xcursion.  is 
only  occasionally  made  use  of  ami  yet  it  should  U'  the  m(.st 
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Iriiiffiil.        Tli(>   liciictit    of   tiiivcl    wiis    n-coiinizcd    bv    siidi 


. 


curly  ('(lucators  as   Moiitiiii-in'  aixl  ( 


OIIM-ltlllS. 


Thci 


r  nif'a 


was  travel  after  s('li(M)l-(Mliicati<iii  was  ^,)iii|)lete.  Travel 
as  a  coriHiiate  part  of  sdionl  caiiic  later.  IJasedow  intio- 
(liieeil  it  into  iiis  I*Iiilantliro|(iiiiiiii  at  Dessau.  Seiiool  o-xein- 
sioiis  are  now  the  eoiiiiiion  tliiii;>  aiiiono'  (Jeniian  elementary 
schools  and  are  also  popular  with  some  Enjrlish  sehools. 
On  this  side  of  the  water  they  are  not  as  frecpient  a.s  thev 
should  Im'.  When  nsed  they  are  for  the  Ix-netit  more  i)artien- 
larly  ot  snch  classes  as  i:eof>raphy,  natiire  stndy  and  natural 
lii  story. 

It  is  only  recently  that  the  possil>iliti<'s  in  sucli  excur- 
sions for  arithmetic  have  Ix-come  apparent.  As  we  <ret 
away  fn»m  the  old  idea  of  arithmetic  as  a  "tool"  sid>je<'t. 
and  see  in  it  possibilities  for  social  insi«rht  as  jrreat  as  are 
pos.sessed  iiy  many  other  subjects,  we  realize  the  need  for 
^tndyinJlr  at  first  hand  the  variou.s  institutions  of  our  com- 
munity and  thus  seeiirinir  a  concrete  backfrrountl  for  the 
various  problems  whicii  <rrovv  naturally  out  of  the  inler- 
lelations  of  such  institutions  and  the  life  of  the  people  whom 
they  serve. 

To  ilhistrate:  The  study  of  bankiuir.  interest,  discount, 
etc.,  should  Ik'  preceded  by  a  vi.sit  to  the  bank,  either  by  tin; 
class  as  a  whole,  or  by  individuals  ])rior  to  the  day  ujKtn  which 
the  discussion  is  to  take  place.  In  this  country,  after  a 
>ncce.ssiou  of  wheat  failures,  the  farmer.s'  wives  with  the  help 
of  the  children  are  turniiiju'  their  attention  to  the  creamery. 
.\  visit  to  the  local  creamery  w  ild  jrive  the  boys  and  jrirls 
a  new  light  u])on  the  industry  in  which  they  are  vitally 
interested  and  with  which  so  many  problems  in  arithmetic 
are  associated.  Instances  might  Ik^  multiplied  of  advan- 
tageous excursions  in  the  field  of  arithmetic. 

Another  form  whicli  objective  teaching  has  taken  of  late 
is  "dramatization,"  a  common  instance  iM'ing  "])laving  store." 
Teachers  find  this  of  real  hel])  when  teaching  such  topics 
as  our  coins  and  many  ])hases  of  commercial   arithmetic. 

Diagrams,  graphic  illustrations  and  gra]»hs  may  be  used 
t'l  advantage,  and  are  fairly  familiar  to  most  teachers.  The  use 
<f  the  graph  is  1«H'oming  very  common  in  newspapers  books 
and   magazines,   and   jmpils  should   be   familiar  with   their 
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When  iit  seven  yciii-s  i>(  auc  the  (Jrcck  Ixiv  went  fn  ilic 
piilorru,  liis  iiiMriiiiiiis  were  liirudy  uivcii  (>\cr  to  spirited 
|ilii.v.  At  sixteen  lie  iidviiiieed  to  tlie  uyiimiisitini.  where 
exercises  were  still  jiii  iMiportimt  pjirt  of  tlie  scIkmiI  dnv. 
.Miiny  writers  credil  flie  woiiderfiil  teiiiperjinient  of  lite 
(neeks.  iiiid  tlieir  sense  of  the  iesfhetlr,  to  tlie  plivsieal 
parr  id  (ireek  edncation  and  see  a  coineidenee  U'tween  the 
aliaiidonineni  of  (ireek  tiaine-  and  the  deriine  of  (Jicek 
x-nlptnre. 
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tree 


in< 


I'l  lelie 


play    vvii'-    not    jL;enerall\    !•( coi; n i /ei 


I    a^   I 


lav  iiii:   :\i\\ 


educational   va!iie.        When   it    wa>   not    reiiarded   as  iianiifiil 

r      more      iii-olifalili 


It      vva-      tolerated      in      the      ai'seiice 


tani;ilile  eliiploynirnt.       (  )cca-.ioi 


\u\\\    <iiic  ai'o-e 


like    L'al 


( 1 4^.;-]. 


I.  wh 


o  >aw  sonietliini;  in  ii 


lav.      M 


M'lais 
inv    trace  hi- 


iilliK  lice  1,11  I.ockeand  K..ii--eaii.     In  hi-  h^ok.  ••(iar;:aiiini 


the    iiianiiers    and 


education     ut     the     MXteellth     celillir 


itiii/ed  and  the  prevailiiii;  scholastic  forinalism  of  hi- 


|S     Vloli 


ntly    opposed.       lie    proposed    to    te 


\     a:' 

■    I  J!ll( 


icli    liy    play    and 


I   even    iiiatlieiiiatics   throiii;h    lecreatn 


have  his  pupils   lean 
and  aniiiseiiient  I 

Krasnins.  Conieniiis,  tiie  Ji'siiits.  Keiielon  and  Locke  all 
saw  ediieatiiinal  value  in  phiy.  uaiiies  and  pliysical  exer- 
cise-. Perhaps  llie  arteinpl  id'  lla-edow  i  the  hm-i  uiii- 
standinu-.  lint  it  is  from  I'estaloz/i  and  Kroehel  that  modcr.i 
ciliicaror-  have  caii;i;hf  the  real  spirit  cd'  | 
tioii  of  the  yoniiii'.  Hotli  owe  nimdi  fo  I' )iiv 
seriously  impressed  upon  educators  the  ne<-ess  t\  of  child 
.sttidy. 

While  hotji  Pestalozzi  and  Kroehel  advocated  tli.'  doctiine 
of  >elf-activity.  KroeU'l  was  the  precursor  of  uiode-n  cliild 
stiidv.  and  enunciated  a  theory  of  recapiiulati  ni.  wliicli 
r('(piire(|  that  the  child  iiiiist  Ik-  allowed  to  he  himself  at 
e  I  each  succeed in;^'  staiic  To  him  pl;i.\  was  one  of  the  child's 
hiiihest  modes  of  self-expres.'^ion.      lie  sa,\s :  "We  slionld  not 


ilav    in   'he  eiliica- 


ti  rst 


con-ider  |ila\  as  a  fri 


voioie 


thina. 


On  tl 


ic  contrarv, 


1'  1-  a 


thiii^  (if  pnd'oiind  sii;tiiHcanc( 


i>v  niean- 


md       I      of  play  the  child  expamls  in  joy  as  the  tl 


ower  expain 


Is  wl 


ten 


)1"'K 


•eeds   from   the   Imd ;    for 


r\    is    tiie    soul    o|    aii    th( 


tions  (d'  that  aue."      Kroeixd's  kiiKh'riianen  and  the  method 


r-^-^ 


Iv    wliicli    Ik'   ctiMVcrtftl    jiliiy    into    systciiiiitic    Iriicliiii;:    aif 
loo  tiiiniliar  to  iicrtl  more  tliiiii   iiiciilioii   licic. 

The  si;;iiiricaii('r  of  |ilii.v  in  cdiK'ntioii  led  iiiiiny  to  t"<irum- 
liitc  thcoiics  n'jranlinjt  it,  all  as.snniiii<>  that  it  is  insiiiii-iivc 
in  orij^in.  Tlir  ovi-rriow-of-ciuTfiV  tlicor,  advanccil  liy 
S|icn<MT  an<l  Schiller  was  also  liasic  with  K.ih-Ih-I.  with  flii>< 
(lirt'crcncc:  that  he  would  cniiihasi/c  tiic  mental  rather  than 
the  pli.vsical  as|M'ct.  I.a/.ai'iis,  in  (iennan;.  |>ro|iosed  tin- 
recreation  theory.  Play  is  for  relasation  and  recreation 
of  exhansted  powers.  Dr.  Stiwiley  Hall  atlviM-ated  an  afavis 
fi<*  theory,  findinjr  in  play  the  motor  haiiits  and  spirit  ot 
tlie  ])ast  of  tlie  race  p<'rsistinir  in  the  present.  Mc|)otniall 
sees  in  play  the  inipidse  of  rivalry,  to  ;;<'t  the  Ix'tter  of  the 
opponent,  in  a  friendly  vay  of  conrse.  The  uood  and  Imd 
jioints  of  these  thcorii-s  lia\c  U-en  discnssed  l»y  others:'  it 
is  only  necessary  to  say  here  that  ail  ha\i'  some  •^i><u\  fealiiiis. 
It  reiimined  for  (iroos.  howevfr,  to  dis<'o\-er  that  play  was 
.ictnally  a  preparation  for  the  Imsiness  of  later  life — a  theory 
which  has  U'cn  almost  revolntionary  from  the  standpoint 
nf  educational  tliecu'v  and  practice.  I'lay  i.nmediiii"!y 
assnnies  a  place  of  hijih  im|)ortance  in  the  learninn  |irnc(>s. 

'I'he  piippy  ui'owliufi  and  Itarkin:::  at  some  meaniii::less 
ohjiH't,  or  enpijiini;-  in  m<K'k  eiiconnters  with  's  mothei'  ami 
Urothers;  the  kitten  sprinfiin;>-  after  the  n  iiiij  hail:  the 
iiirl  working  over  lier  doll,  are  enuaiicd  ih  ctivities  which 
are  preparatory  to  similar  and  more  s(  oiis  pnrsiiif-  at 
maturity.  Tims  play  is  nature's  schooliiii;.  and  shoiiM  lie 
sn)tplemented  hut  not  interfered  with  hy  man's  schoolimj. 

Professor  iioriie-  shows  how  play  and  work  sfjiiel  in 
contrast.  Play  is  for  its  own  sake  as  far  as  the  snlpject 
is  concerneil,  and  is  always  jdcasant.  In  work  iheiv  is 
M)me  tiherior  eno  to  Im"  attained,  which  may  not  in  itself 
U'  ple'-ant.  It  is  in  i)lay  that  the  imlividnal  is  al'Ie  to 
preset  himself  and  his  freedom.  '"It  keeps  the  sprin'^s 
of  personal  heinj;  ever  fresh  and  tlowiiiji."  In  work  the 
imlividnal  siihjects  himself  to  the  <h'mands  of  the  enxirmi- 
meiit.        Some   enthusiasts,    professinj;     to   Ik-    follower-     of 


'  Sun (11  ford:  "Mental  and  Physical  Life  of  SvIkh)!  ("hiUlrcti. 
Mloriic:  '  Fliilosopliy  of  Education." 


;>«> 


•TWf 


Il.rluu-f  iin.l  liis  (|o,-tiiii..  ,,r  ii,t..ivst.  would  .iipir-<-...it  all 
instnictioii  1111,1  s,-li.,,,|  ii.tivitirs,  .SM  a.H  u>  iv.lii.-,-  ..ff„il  t.. 
li  inmimmn.  In  ,*<-Ii.m,|.  ar<-.,r.lii.-  f,,  I'n.fV.Hs..,-  lion,,-,  tiir 
I'l'"''  "t  I'la.v  IS  tiiii.hnn.iifiil  UvsuU'  work.  iirtnn|i„g'  tli,' 
iiccos.rv  iviicfioii  t'n.m  work  wliilr  |.rc!-<-rv  iiiy  tlu-  in.livi- 
•I'l'iiit.v  ot  th,.  |Mi|.il;  l.iit  to  ,|o  cv.-rvtliinji  i.lj.vhillv  i- 
f.  r.M.a.i.  alwavs  a  chiM.  T.-a.-la-r.  wo.il.l  l„.  w.-ll  a.lvisr.i 
tia.n.  .,o,  to  los,.  sioh,  „t  Htort  wl.il,.  iniparti..;;-  i.,stru,-lio,.. 
••.\>  .-liiMr,...   ont^row   tl.,.    kiiMl,M-ar.,.n.    tli,'   work    iiiipni^.. 


lay   remains.    Ihu 


niiisf   appear   iiicrcasitijrjy    |»roiiiiiiciit. 
iiot  as  tlic  s,»|,.  spring,'  of  action." 

One  is  iiK-liiu-,1  to  woii.lcr.  Iiowcvcr.  il  it  i>  ii,.t  possil.l,. 
to  approach  w..rk  in  tli.'  spirit  of  play.  It  is  .pu'stioiiaM.^ 
whctli.'r  cliiMrfii  put  f,»rtli  more  n-ai  .•H'..rt  in  work  tiiaii 
111  pliiy.  Aiv  ii,)t  the  sourees  of  joy  ]„  w,„.k.  ,Mmmerat.-,l 
I'.v  Kl.of.  atf.-r  all  the  chief  soiirc-s  ,,f  p|,,,siire  in  plav  f 
I  hey  are:  th,.  pleasnre  ,.f  ...vrtion;  a.-lii,.v..|ii,.„t.  partini 
liirlv  .-..mpetitive  achi<'vem(.nf ;  co-o|KT«tion.  involvin-  1,,,,.- 
"I'Miy  an,l  rhythm:  ex.Tcis,-  of  j,i,|f.n.ent.  int..||i-ence  an.l 
skill:  en.-onnternifr  risks,  dan-er,   makiiij;-  adventure. 

I'(  rliaps  (.noti^rl.  has  been  written  to  show  how  important 
play  and  liames  are  in  the  e,ln,-ational  ti,'M.  .\ritlimetical 
or  mimlK.r  -ames  are  l.nt  one  plias,.  of  th,.  Iar<:,.r  ti,.|d  of 
«'.ln.-ariohal  j.lay  and  ^ames.  In  or,|,.r  that  school  phiv 
may  Le  employ,.,|  t,,  the  U-st  advantai;...  a  knowl,.,|..,.  of 
<iiM  .lev,.|opm,.nt   is  ,.ss,.iitial.        The  teaclier  should  know 

thc  vanons  sta.e,.s  into  which  diihl  life  mav  1 onv,.ni,.ntly 

divided  tor  sp,.eial  stmly.  keepin,ir  in  mitul  that  there  are 
iH.  r<al  divisions,  altlioii.irh  tiie  .livisioi.s  iisiiallv  mac',. 
«'onform   to  empirical  ohservan'oiis  and   iiave  sou,..  sci,.|,titic 

•'■'';•■  I'  is  not  th(nij;lit  wis,.,  within  the 
flic.>i>.  to  ,.nt(.r  into  an  analysis  of  thes,.  "  '  ' 
iuialvsis  may  l.e  found  in  any  i;ood  tt 

In  the  appendix-  wdl  he  found  a  partial'list  of'snitahle 
iM's    with    hriet    d,.scriptions.        These    are    tak.-n    froi 
iea.-!i(.rs    ('o!!<.ii(.  IJecord.   I'.H:*.  p.  ;5!>i>. 

J'liis   ti,.|d   ,.f  o!>i(.ctive   teacliiii<t   is   comparativelv    nt.w, 
and    further   stiidv    in    this    ti,.ld    will    prov,.    I.elpfn!.        ,\ 


limits   ,>f  this 

divisions.       Sndi  an 

text  in  psycliojoiiv. 


;aMi(. 


mi 


'IVachcrs  f  dllene  Rccofil.  .Faniuirv. 

\|>p"tl(l!\    ('. 


mis. 


i>i 


^5^ 


ui'i'iit  .  |i(  'lU'iil*  wiir.  iiiidcriiikt  II  Id  ■'('t'  !••  wliiil  cMciii 
frHiiics  iii\«il  ,iiji  iiiimiImm'  ail'  "f  iritiTcKf  to  i-hildrcn ;  wliut 
fiiiiiics  atlo  .1  ;M>Hnil)iliti<s  in  ilu-  iM«tt«'r  of  jioiiitfi  ot'  ilrpin- 
tiirt-  to  '■.!  I  work  ill  iiiilliiiK  tit-:  to  what  rMciit  a  kimw- 
|c,|^  •  n  1,1  lu  !•  .-an  U'  fiaiin'tl  tliroii^ili  tlii>M'  games*.  WliiU 
iTsiii       ..  i-n     I) 


WITC 


jraiiit       '  •  ' 
lliotiv:    I'll 
of  inn     I  r  i 

lllliiil  .  I-    ";ii 

liijrlii  I   ' 
work    .     .1' 
iiii|ioitii  It    lu  , 
of  till'  '  1  irit  I  ' 

Nil  iilu'r   rlivhir- 


re    or    lr>s    illili'tillitr.    till     Viilllr    of    lilllnlxT 

lent.         Miiiiv    iiistaiiffs    wrrc    atfordi.l    for 

ill    ari'liiin'tic.    ilir    iicnl    for    ii    kiiowli'iLc 

vcrv  Kf«'iilv   felt  al   times.         ( 'hi:--!'.-,  wlicrc 

'    cxeliisivily    a|ipai'»'iitly     sliowctl 

.1   claHscrt   where  guiiies  ami    fotiiial 

The    iiive-li^ialor    repmi-    a    very 

tile    jiaiiies,    namely,    ilevelo[Hiieiit 

.^erviee. 

wiiile  not  ;:aines  in  the  striet  sen.se 
of  the  won!,  may  u  '11  Hiul  a  plaec  here.  The  eliilil  has 
a  ileli-lit  ill  iiielie.  We  remarkeil  elsewhere  how  oiir  minds 
are  attuned  t..  rhythmieal  res|MUises.  and  that  no  genera- 
tion has  U'cii  devoid  of  this  eharaeteristii'.  .\iid  so  with 
]teo|tle8;  all,  from  the  mosit  |)rimitive.  tend  to  versify  in 
the  |)hilosoi>liy,  history,  reliiiion  and  «'moii(iiial  life.  It  i-  niily 
natural,  and  hence  to  Ik'  e.\|ieeted,  that  niathematies  should 
respond  t«»  this  racial  hahit.  India  is  an  example  where 
mathematics  was  set  <h)wn  to  metre,  like  their  ancient 
religious  classics.  We  have  an  oWvious  relic  of  this  primi- 
tive law  in  the  delight  which  children  tind  in  the  rliythiii 
of  counting  away  and  iK^yond  any  immediate  needs. 
Our  nursery   rhyme. 

One.   two,    Inickle    my    shoe; 
'I'lirei',   four,   lM)lt   the  d(H)r; 
Five,  six,  pick  up  sticks; 
Seven,  eight,   lay  them   straight; 
.\ine,  ten,  a   hig  fat   hen. 
is  taken   from   very  anei«'nt  times;   while  our  "Thirty   day,- 
hath  SeptemlK-r      .      .      .""  dates  hack  ju-ohahly  to  the  twelftl 
century  at  least. 

Kvideiice  points  to  the  fact  that,  as  far  hack  as  niimliei 
was  taught,  rhymes  e.\iste«l,  and   when  texts  were  printed 


'  1 1  atliers  (,'ollege  Hrti  rd,  .Ijiinuiry,  lillx. 
."»8 


'•"'ih^mm 


!*ll(    ll 


f.'llowmiur    the    ihS.lilH.li    ut     piilllili;..     t|„>,.    ,u..(.,i  ||r.|     *,„ 
•Ifvins  II..  al.ls  in   U-Aituu-i  thv  mil.j.vt   aii.l   for  tlir  .iiiius. 

'"•■lit    lll.v     ilHnnlr.l.  All    i||f.T..sfi|,ji   .Illl.llVir..    l...,k    i,f  t|„ 

fiH'lv   iiiiM'ti'i'iith  <<iiiur\    liif..  tliirt  I'll 


th.- 


Illllltl|iili'iltlnl|    titl.ic    t.M'    t'ltiK   ,,t'   lliicc: 


I'llMlli-   to  ilDl    til    IfUllnil;' 


•l   tiiiirs    1    lire  ;», 

My  <liirliiiu.  conic  to  inc. 

•'»  fillies  :;  .irc  »■>, 

Tlic  iiiiin   luis   lironjilit   some   lirickM. 

:{   liiiio   ;!  arc  !», 

riii.x   Im(\'s   ii    trii'inl   of   niiiic. 

•i   time-   4   arc    1l'. 

I    tiiul  no  rliyinc  Init  ilclve. 

■  >   lime^   ,"i  wrc    ir>, 

I.eail   tlie  ilollkcy  on  the  ;>r('t'Il. 

Witli  the  a(l\eni  of  tiic  numerals  in  the  ini.hlle  a<'(s 
verses  tor  tlieir  «lissciiiiiiation  iK-eame  verv  imn.eroiis. 
-Methocls  of  h'lmiin^r  iiiitl  teaeiiiu;i  arirlimctie  were  eniirelv 
nieiiHiritcr  followinjL'  the  intro.lnetioii  of  these  nnnieials,  ami 
all  the  rules  and  priiieiplcs  were  ptit  into  verse,  ami  likc- 
wis«'  all  iiistrnctions  how  to  learn  tables,  ef<-.  This  teii- 
<h'iie\-  to  versify  remained  witii  KiifrJish  writers  for  several 
jrciierations.  At  times  the  ]»rol>loins  appeared  in  versi- — 
a  praetiee  common  in  the  time  of  Kiiclid.  An  cxaniplc 
fnnii  an   Kn^dish  tcNt  is  the  following: 

When   fiist   the   Marria^c-knof   was   tied 

IJetwecii   inv  Wife  and  me, 
.My  aiic  did   hers  as  far  exceed 

As  three  times  three  diH'S  throe; 
Hut  when  ten  years,  and  half  ten  years, 

We    Man   and    Wife   had   been, 
Her  age  came  up  as  near  to   mine, 

As  ei^ht  is  to  sixteen. 
\ow  tell  me,  1  pray. 
What  were  our  Afjes  on  the  Weddinj;  Day  ( 

That  tliese  must  have  remained  popular  for  several 
generations  I  can  bear  testimony,  for  this  rhyme  was  often 
vhytiH-d  to  uic  l>y  my  mother  when  i   was  a  bov. 
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It  wouKI  sci'iii  tliat  at  the  pivsent  time  littlo  or  no  use 
i.s  made  of  vcrsityinf;.  Improved  methods  of  teaching 
initiated  l).v  Pestaloz/.i  uii(h)ul)tedly  aceounts  for  this  absence 
of  the  use  of  rhvme.  One  wonders,  however,  whether  or 
not  a  litth-  could  not  lie  usi'd  to  advantajic  with  vounj: 
thildren. 

The  matlieiiiiitlciil  juizzles  and  tricks  of  several  centuries 
iiiro  have  cutirelv  (lisa|ii>ean-(l.  '\'\u-  reason  cannnt  We  found 
in  i)Uj)ils'  dislike  tur  tliem.  for  one  has  tmlv  to  |)(>int  to 
the  interest  voiniiistcrs  take  in  the  |)uzzle  department  of  the 
children's  cnrner  in  the  newspaper.  'i'hev  lose  interest, 
of  c(mrse.   it    tlicv  arc  unalile  to  .-olvc  these  i)uzzles. 

It  is  interest inu  li>  note  that  some  of  the  so-calleil  puzzle 
(|iu'stions  are  l-ein.u  U'cd  as  tests  for  intelliiicnce.i  l''or 
instance,  the  olil  ianiiliar  (.nc:  "A  mother  sent  her  Im.v  to 
the  river  to  iict  M'vcii  pints  of  water.  She  ijavc  liim  a 
;;-l)int  vessel  and  a  .".-iiint  vessel.  Show  me  liow  the  hoy 
can  meastire  exactly  7  pints  without  niuessiiij;  at  the  amoiiiu."' 

Ant)ther  .souicc  would  l;e  the  curious  i-ascs  whicli  an- 
(luite  common.  Wc  arc  fold  that  the  continental  countrie:^ 
niaki'  coustaiU  use  of  tlicsc.  .\  few  may  Ix-  illustrated  here: 
A.   Have  tlu'  pupils  pciform  the  followinii: 

1.  Write  any  numher  consistinj:  of  :)  ilijiits. 

2.  Write  the   nnmhcr  ohfained   hy   reversini;  the 
<)rder  of  the  dii:its  in  this  nundier. 

;!.   Sul>tract   tlie  smaller    from   the   lamer. 

4.   Write   the   ditl'erencc   oUtaineil   and    write  the 

new  numlier  formed  i»y  rexersini:  the  order  of 

the  dii!it<   in   this  ditVcrence. 
:>.    .\i]:\  tiiis  e.cw   nwmlcr  to  tlic  dilVcrencc  found 

in    :">. 
All  the  pupil 
]!.    .Multiply   \-S 


answer-  wi 

11   he   lOSO. 

.•.t;7".i  hy  ••'. 

then  hy  (i 

l_>:!4.')ti;f' 

111. 111. in 

1  T. 


rt»i'i»i 


..    Mrii-K'TIlic:  I    iif    Il't,'liij;iT.I'i'.'' 

(10 


i^-.-^. 


C.  Set  this  out,  hHvinjr  the  pui.ils  |KTfonii  tin-  multi- 
pliciitioiis: 

lix:i7=222 

ox;<7  =.$:{;{ 

12X37=444 
15X37=55;-, 
18X37=t»f)«» 


D. 


(■re. 


2X142,S57  =285,714 
:iX  142,857  =428,571 
4X142,8.')7=.-,71.42;{ 
5X142,857  =  714,285 
HX  142,8,57  =857.142 


E. 


Then  is  no  intrcKlurtioii  of  new  dibits  in  the  product. 


I  illtlcs  sllcli  iis  tlic  t'nl 

1X9+2 

12X!»+;{ 

!2;iX!)-|-4 

1234  X!) +5 

1 2.345  X!»+« 

1234.'j«iX!»+7 

1234.T«i7        -i-8 

12.34.5(>7Sx!»+!» 


htwiiin  |»n»vc  iiitt'i'i'stiint; 

=  11 
=  111 
=  1111 
=  11111 
=  111111 
=  1111111 
=  11111111 
=  111111111 


1234.-,(i78<»x!»  +  10=llllllllll 

Nr.MIJKIi   IMC'irilKS. 

I  lie  <'.\istciicc  of  ihuiiIkt  picfnrcs  djircs  hiick  to  the  time 
<■'  I'vthjiii'oi-iis  iit  Iciist.  Th«-  s]Kviiliitioiis  of  I'ytliafrorcaiis 
wcif  ill!  rcliitcil  r..  ihimiImt.  IVthaiiii.nis  liimsclf  niado 
irany  .liscovcrics  coiiccriiiui;  imiiilMTs,  iiixl  cmiilovcd  coii- 
s:i|rriililc  syiiiLulisni,  iisiii-;  dots  iirriiiip-d  in  sviiiiiictricai 
i'artrnis.        Kach  imiMlicr  had  its  own  particular  sioniticancc. 

i  lie  tirst  systematic  eiiiployinent  of  iiiiimImt  |iictiires  for 
iiniiilMi-  feachiiii"  lu'loiijis  to  \'oii  liusse.  towanls  the  close 
of  till'  ciiihteeiith  ceiifiiiy.  I*estaloz/i.  wlio  followed  iiiiii. 
^::av('  a  more  scicntitic  tiii'ii  t..  their  use.  and  may  Iw  considered 
tlic  iinciitor  of  the  scieiitiHc  use  of  nuudn'r  picrures.  .\undier 
ideas  were  seciii'ed  fnmi  the  manipulation  of  oi)jecrs:  Imt 
ttt  relate  Lack  the  concept  to  the  ]>ereeption  material,  after 
the  lirsr  numerical  id<'as  were  jiained.  Shlrlilafirlle  or  stroke- 
tal.les  were  employed.  These  were  the  forerunner  of  the 
present-day   nundier  picture. 


"M 

m 


Gl 


"f.w:i:,i:r;:;;:;,:;;/;;/j;;;ir;.vi/'7''r  "'■'■■•'■'•■■■» 
•■•''■as,  wiu.n.sU,,. Vr,::  ;T  :  r'''''''T  "•  ''••^••■'"i'  "-"i- 

'■r   "^-vn.,!,    so,,,..   <.„.,il.>vi,,.   '  i"    '■'■"  '"^■'-^'■P"'"l 

"""   ^'"'^   <'"lv   l.v  a    ,.„/.„•. tr  T''  ""  ^^"  "■•''^"•"P- 

'•"""'"■'■  '■<'l"-:-ntat  on    ,  "  *-""   ^'"'   '■"«'   «--"«-    'f 


IIU'S 


"'••■i.non„,.nt  „f  „„•„„.,        ,    '  -    "..L.-aN.    hat  ,„  tl„.  spatial 

"^''  l'">.its.  liowover  which  m ,  . ^  f  u  •''  ^'"'''''■-  '^''"■■■^'' 
has  also  |„...„  s„^.  'sn  I  th-  '  *'"-fh'"'- investigation.  It 
"'"  -MS,,  of  tonc-h  "'Ivantao,.  «ho„|,I  U.  ..k.-n  of 

Tl..'^f^..n.s^Mowhav.,..„,h^^ 

U"  00  000  000   0000  0000 


»0  «)  00  wo  00  0 
"  <)   00  00   00  0 


6.  0  0 
0 


00  00 
00  0 


00  IH) 
0   00 


00  00 
00  (JO 


00(} 
00 


000 
000 


000 
000 


000 
000 


000 
000 


00  00  0 
00  00 

000 


6  0  00  00  00   00 


»   00   000   etc. 


00    0  0   0 


00 


0  0  0  0 


00   00 


"   0«   00   00   00   0  0  0  0 

"0   0  0  0  0   etc. 


'■^'^^^'^r.:,!^^^^^^^  and  Freeman  in 


tlic  normal.  "         ^''  '"'  ''-'^I"'''>"<'nrs  fav„„,vc| 

'■"^<>«)    to   fin.I   which    for,n   w^    ,nlst  ."""'"''"'7  'l''"*' 

s<-- oniu.  ,..oupi.,s  „.,;^  ::;rt^-:;^ ''iM^^^^^^^^ 

Series        J     ,  ^  ^ 

"II 

•  •  • 
III 

•  •     •  •     • 

•  •     •  •     • 

"  V 



VI     ... 


Jt  was  found  that  children  arc  I..   . 

'"  •■«'i'"arin..  the  nn ,•       "  ,  i  .ts  "T'''"'?-  ''"'"  "'"'^-^ 

"tr.-n;  yo„t,...hiidn.n  less  con-,  *  S.     ht''"r;7"'"'^  ""•^• 

^inSe^:L:;;it'r'-'''-^^^^^^^ 

«  '.,  ,  ii.l.lien,  ^m.upnigs  in  five  were  best,  as 


-  t 
it: 

Hi 


etc. 


Fpr  adults,  grouping,  of  four  were  found  better. 


(!.•} 


■m 


m^'^nM 


Ir  will  U'  iKifcd  tliiir  tlw  invcsrijjaliirs  arc  imf  in  cntiic 
ji,i:r('<'iii<'iif,  and  tli<'  sniijcct  will  need  to  lie  invest ii^afcd  iinuc 
li<ti):c  th«'  iw-st  arrangcincut  if>  decided  uik»ii. 


XIMIJKI:  FOU.MS. 

The  (|ue«tion  ot"  nnndnT  torms  Inis  assnnied  some  iin|H.i- 
fance  ot  late  owin<i  to  recent  invest  ipitions  and  tlie  consecpicni 
•  oiiiroversv  as  to  their  pxid  or  Imd  effects  in  earl.v  uiasterinj> 
iininliers. 

.Many  persons  think  of  nnnierals  in  some  form  of  visnai 
imaeerv.  If  the  idea  of  six.  say,  .^-cnrs  to  them,  the  Hjinre 
of  (■>  rises  ix-forc  their  mental  eye  in  a  written  or  |irinlcii 
form.  These  same  persons  will  doniitless  have  "■forms'"  for 
days  of  the  week,  months  of  the  year,  kinys  of  Kiiiiland. 
etc.  Colours  often  assnme  spatial  representations,  as  also 
siinnds. 

While  niim'ner  forms  have  |ierhaj)s  always  exisicd,  (ia't-wi 
Was  the  Hist  to  i;i\('  ns  any  dctlMite  information  on  thi> 
imerestinjf  sidiject.  Since  then,  several  investigators  iiavc 
iiiven  the  matter  considcrahle  study. i  (Jaltoii  iiad  no  numlwr 
forms,  and  oidy  dis<-overed  them  in  another  accidentallv. 
l'erson.s  who  have  them  treat  tiie  matter  as  ippte  an  ordinarv 
thini-:.  and  are  surprised  to  learn  that  there  arc  many  who 
iiavc  lui  such  forms.  'i'hey  certainly  are  not  common  amony 
a(hdts.  The  writer  has  none.  (Jalton  estimated  tliat  they 
were  present  in  1  out  of  wwy  ;;(»  niale  adults  and  I  out 
of  every  l.*.  female  adults.  .An  investi-iation  amoiij;  m\ 
Miidenfs.  all  of  whom  were  over  is  years  of  aye,  iiavc  higher 
pro|)ortions.  I'hillij.s  found  they  existed  in  7  per  cdii.  of 
ir"!'.~   i'ud   '^   I'cr  cent,  of  fcmalc>. 

.Ml  snl.jMis  i]r(-iioi!(d  Slate  ili.it  these  foi'uis  date  as 
tar  hack  as  the  memory  extends.  These  forms  have  a 
•  icrinite  direction  with  each  person,  and  the  ir,nul>ei-s  have 
a  definite  distance  at  which  they  ai>pcar.  if  such  person^ 
Were  asked  to  descrilc  tl'.eii'  numl'cr  inia^crv  at  interval- 
<f  several  year-,  they  would  i)lace  such  forms  in  the  siine 
sliajcs  and  positions.        All  such  foi'nis  have  some  points  in 


'Notat)ly  Patrick  and  Flournoy  in  ls;i.!.    Calkins  ami  I'liillips  latoi 

*'4 


foniiMoii,  vet  each  luis  h\> 


l)a|K',  and  ariflniu'tical 


■s  own  peculiar  and  aUrn  o-, 


i>t('.s(|n( 


'tical  ..])(.rati.)ijs  are  done  l,y  junipinir  f,,„u 
Ha.-.-  t..  pla.v  on  tins  shap,-  with  astonndino^  .^.piditv 

A  r.  (.altunl  reprints  several  letters  fn.n Te^pondents 

\vh..  desenl.,.  th.-ir  pee.diar  nun.her  f,.rn.s.      H.-re  is  a  tvpi.-al 
;■';;:;■=   ;;;'"'"    ^l"'   v-T    Hrst    I    have   se^,    nnn.erals   np   t., 
i..'..ly  J 00  ranne  then.selves  alwavs  in  a  parti<-nlar  n.ann.-r. 
.nul  .n  think.nij  of  a  nundwr  it  always  tak,-s  its  place  in  tlu- 
tifiine.         1  u>   more   attention    I    jrive   to  th..    pro,K>rties   of 
".nnhers  an.l  then-  int.'rpn.tations  th(>  less  I  an.  tronhled  with 
tins  einnisy  framework  for  tliiMu,  l.nt  it  is  in.lelihle  in  mv 
Mnn.l  s  eye  ,.ven  when   for  a   Ion-  time  less  eonseiouslv   s,', 
I  hv  hij?her  nnndK-rs  are  to  m,-  ,pn-te  abstract  an.l  .n.eonneeted' 
w.tl.  a   shape.         This  roni-h,  nnti.ly  production   is  th.-  ]>est 
<'«n  do  towar.ls  representin-r  what  J  s.-e  (sketch  not  shown  ) 
I  I'.-'-.-  was  a  httle  .litti,-ulty  in  the  iH'rfonnance,  because  it  is 
"illy   l.y  catchn.o   on.--s  s,.lf  at   unawan-s,   so  to  speak    that 
'"'<•   '>^   'linte   sun.   that    what   one   sc-s    is   not    atfcH-tcd    l.v 

temporary    nna-ination M,„uf    l'0<»    I    lo.e    all 

framework.  ' 

The   subject    was    investioated    amono-  mv  classes    and 
d.a.^rams  se,.,n-ed.        Thos,.  students  who  ha.rntnnber  forms 
tl.ouoht  It  (pnt..  natural,  an.l  w.mv  surprise.l  that  thev  were 
Hi  the   mn.or.ty.        Their  att.mtion   ha.l   nev.-r   b.-en'  call..,I 
t..  th,.s,>  forms  by  any  oth.-r  pers.,n.   but  tlun-  were  present 
w.th  tlKMM  as  l.,n,i.  as  they  cul.I  r..u.end„.r.  an.l  were  like- 
\vis<.  ma.h'  .-onstant  use  of.        |„  .Icscribini--  these    Miss  X 
wrot,.:    "Ft    se,.ms    rath.-r   .litficult    to   ,les<.ribe   the   numb,.- 
t.Tn.s.        11...  nundH-rs  s..e,n  t.,  start  .li.-mlv  in  fnmt  of  „„. 
=.n.l  to  g..  ..p  t..  10  in  a  gra.inal  ascent  straid.t  In-tore  m..- 
n    an.l      2   a.e  even   with    1(».   and   then   there   is   a   shar,', 
tur..  to  the  .-..srht  an.l  a  sharp  .-urve  .lownwanl  t„  20      F..,,,,, 
th..re    there   is  a  ^ra.h.al   s1o,k>  to   100;   th.-  n.n..lH.,-s  su.-h 
iis  4",  ..0,  ."tc.,  air  a  little  more  prominent.       Affr  100  tli.- 
•".niber  form   is  s.,  ...mfus.Ml   in   mv  inin.l  with   the  pla.rs 

Thus,  when 
<tn  the  form, 
places  to  thf» 


X- xi  ,  ,       ,  ".'    ■«■■"'<    Willi    iiic  i.iac.'.s 

.d    he  uunilH.rs  that  T  cannot  tell  where  it  iroes.     Thus   wh.n 

think. ,f  200   it   se,;n.s  to  have  s.m.epW..n  the' f^r 
.^.r  It  als.,  calls  t.,  „nn.l  th,.  taking  of  three  nlaces  to  tl,: 


'Oalton:  "Inqnirias  int..  Human  Faculty/-     18x.{. 


'•     f  <•        I    r,.,,,..,.,!.,.,-   on,.,,    n.akinj;    ,„v   sist,.,-   lau-W.    l.v 
'losmlnn^a  sH,.,..-s  v..i..,.  ...,,,,,.,,.,,,,,,„„,,,,,,,  ,,,,:;;:j^ 

,'■'•/  ■^''*'  ''"'  '"""'•<■••.■<  lit  r,.s.„Iar  i„t,.rvi,ls.        If  |   .l.ink 

l:"-:r™r";,,l,r7V"'f."^i'-» >'!-' 

1,»  11.  •        .,  lll<Ut\      S    lilcl'S     l),'|o\V 

i'.'^Muth.  nn,il,,Ts,uM..no,.,llik,.  tl.isl.vfh,.  t,,,,.l,,,'- 

1  Ins  st,.,|,.Mt  iu„|  (nnns  tor  the  n.oi.tl.s.  ,!,vs  of  tl...  vv.,.k 

^^l.^   ';-••"-:  :-f'j.Iw.,ssc.,.„is  to,.,,,  that  tl>,.,in,.,I>,Ms 
nif    lot.  .,>  ilio,ieli  II  uc,.,.  ;,   i,,.,,.!.;,,,,, •,-,.    ' 


■'•   -^^K  li:..  ,.t,... 


1  ii,iirkiiii>  |)ost.        Tile  1 
,.  ,  "!'    '"'    •"'•».    ill-,"   11    littl,.    liii-o,.,.   fi,,,,,    fi,,. 

-l...:.,v.l„.,„otasla|.„.as,o.        Tl.,.  .,,,,,, i.^^o     '\.; 

'^"•■•'"•^^•';^<:';-^"'.|.so„„.u.av.„arksa.livisio„.  U- 

-so..u.t..,|   .^..s  of  tiu.   ta,.t   that   70   to   7.   is  a   Ion.   Ih- 
•   "I    ^"   t-   Ml    ,s   .ho,-t.    ,s   ihat   of   ,.|„vi„u-    FIi,h.-an.r-S,.,.k 

.y.,  '_:'."    '*'    '"    '•'   ^'■"'    1<-   'n,,..    to   s.v    f,-o,„    so    to 

^^^^^  Mr.    I).    ha,l    also    infivsii,,.-   for„,s    for    ,h,.    „.o,.r|,s   an.l 

Miss    p..    urot,.;    ••[    hnv,.   not,., I   a    .|,...i,h.,|    1„.,.;,|,   ,,f    ,, 
oflicrs   l,.ss    |,ro„o,inc,..|   s,.,.,„    to  ,.o„„.   I„.rw,,,.„    ,4   ,„„,    ,-■ 


vivnliii's 


.'^Hin, 


,    .        ,  '■  """il'crs  ar,.  laro,.r  than  ofli,.rs.  all  ,.v,.n 
"luiiluT.s  U-in-  lari:,.r  than  0,1,1.  i.iit    jit     1  •>     | -.    .,4    ..,.    ,.,, 
'•"   ""•'    >•»<•   =.-■•■    ■^"•^'■''   fl'--'n    th,.   r,.s,.        Th.."  ni.mlH.;.    I.i 

»  tin,,  of  24ov,.r  -J.,.  4l'  ovrr  40  an.l  si  ov,.r  si, - 


'  DrawinRs  an-  not  .sliown  lipr,. 

on 


^""m 


iW^t^t 


^^ssm^mwp-'  '^'nim 


•""'■•'   '''"f   tl,..   fV.nn     ,1       „"'"'". '''•"^":""'-'^-        ".....Is., 

''"-  '"-'>-^  'i.'  in  ri;;''L!;:";,!;;::'-  "-"-•'"•   v-  .1.. 

'i :^iu'l;^,.ri.:";:';r'-'- :••'''■;' '•><-  (;ait.>n 

:^'^''•>^^l...k..„..',:i:'*:;:::V'.;;;;^••::'''''-■.■ ni..  .Iia.nn„. 

''•  ■"■"•'■"•■•n-.ls  tli..  vi.„.;i  J'l    ,  /■      '     '■"■••   '"'•■   '■'■'■<■'■'■.•.  I   t.. 

"•"•'1^     i    -^'-i.  -li...-;,,,,;  i.,H ,  I     ■■ '  f '■"'"'  '"""•^' '•'"■''''••■"  •■"'i'i'>v 

'""y-  ^'i •  Jz:!Lr:;-[  f^-r- ""  '■''''- 

i'J  fli-'  ..arlv  sti,y,.<         Til,.  ,!,•*•    ' .     ""  "    .'^   ^"'    <'''"h    iinifunn 

"'"'*■•■  -•-'U,:,:.i  i  i"^;;;  ;;■'''•''' ^'''-^'^ '''I w,.. 

--'If'n.n.linsta,  ;.;,,     'r^'-'T  7'''--   is  l...,-...|ira,.v, 
<;;^lt..„.  ^"'    •^''"''•"'^  ini.I  fl,„s..  „iv,.n   |,v   ^f. 


ill 


Hi  r-F -"'"£'  rSH  ■■"■"=- »i™ 

or 


IiivcsfipHfions  would  wciii  to  Ik-m-  .....  r   i.     • 

;r.v..s   a   ;,.„..ti.   ,.x,.|„nation    of   rh.i  '  J      ^;       ^   ;'-"; 
liow  car  V  «-oiitiiii..,-  ; .  "',^'ii.        •!(.    p,.,.;,| 

•■■k.-  .o  .......lain  I..  „.,,„,  „f  ,„  .     J :"   '  :"   !""   •■ 

;'""  '•--■I  ","■" ■  f--^ .«! I.I  i«.  .„  i  „  I    :;  I  ,'" 

,    ho  ,,,!„.,.  ,„,„,,,  „ ,„.,„,  ^_ ,  '^ 

.«     -a  ■  V  3       Tl"""-'   '■';■'""'    "".'"'"•'•   "•'"■'<    "I"'"   'I'-   -hiM 

|.u;t.,..,,.;i::rr:L:;:-:::;;i';i;;:'Wr;;;™- 
.«;i;:fi:&^;:t;:;::;L:;;-t;:::;l"r: 

th..,n;   \nn  or.  the  ,.o„trary.  .n,.,-!,  ^.o.,,!.        If,.  f„,     '• 
.ests   that    th..v    an.    nnavoi.Ial.l,.   .v.n    i„    t  ,•      L^  . ,;' J 
.»stnu.t.o„.    iH.,,,,,,.   n,.,-   a,v   tl.     nccossarv     nn  ot      ;  t  I 
;--'.t,n.  HMpuls...  lH.fo,v  nanu-s  a.v  ,.nus,K..i:  1..    .. 

"".,.     ,s   tins   snthVi.nt    ...xplanation    for   tb.    fa.     t   ..r 
'"....  H.,.  fonns  an.  <.xt<...<I...l  to  .....Ina...  not  on      th  ! 


mental  SWphlSr  '^^  •^'•'■""-"■••••'  ''-i-*^ »"«  th,.,.ry  „n  the  ov.KTi- 
HurnDam.      CyHopodia  of  Edn.ation,"  \oI.  |. 

08 


'•   l-o^",.    with;    will    tli,.    in"tn,.t  'u"''"'''*'''  '•''P"'-''^ 

^""..H  wlu.ro  ,.,.„.  .,,!«.  ,  '     hi?  '       '/•''"^;   '•'■""f-   nun.lH-V 


oiiAL  AiariiMKric. 


'•"arrrl        f^fore  ^..i,..,  into   ,  I.  iT  1        '^-'^  ^"""""^'^  ^"'• 
»;v..  ..lai.ns  of  th,    tw.r   it    .1  "''r'*"""  "*'  '^e  rda- 

">  written  aritlnncti...       Tl ,:         rt '      T'f  ''  "f^P-'<l 

«nthn,oti..  involves  no  m  •  ta  .V  7 '  "''',?"  ^''"'  ^^'""^n 
•h.s  often  accounts  for  o  n  !;;:  T  ""'  ""'  '  ^'"""'^ 
H^ainst   th,.  other.        f   w„T  «  .  '      '  '"'^''  ^'"'  ""-  «« 

'•c;M.rre.l  a  tVw  vears  aj.  „  ^  "'  *""' . '""''''^"^  which 
«"o;,r,I  unfairness  of  Tl^en  in  t.      '."^•"^'  -'«^>'""  ''nto  the 


Tlu. 


nivesti<;ation 


.ji^ij    sciidoi   e.xani 

was  ,,resHh.,l  over  l,v  a    i„,|..e        o,,       ,  ", '-"fJ«r>on 

teachers  nu,.,este,|  was  -i,  estionin-.    h     f     ''""  '"«^'''^"'«^ical 
"ncl  h.s  eon.f.laint   was    hat  -t.?'"      ""'•'''  "^  ''•"  P«P<"'N 

«  mental  one.       T|.,  ans    -r  ,  '  "  ''"'"''•"'  "-"'^  '"^^ely 
Wrtbat  l,eha<l  inten.h      ,|  '''"•^•"■''•'^•'.-  ^'-m  the 

.!<m,e,l  he^rtilv.        Th  ,  """"'•  '"  "'h''-''  '''«'  ind^o 

--^  '.avc  of -the  tio    ,h\'    ofT""'^  ''"   '--'-^'"i   id- 
.       Jt    i.'^    so,„eti„K.s   th  S;  1        T"  ''l'^-"^'*- 
."'"'»«ti<>"    .i....   cntirel     to   IW  /''■'''    '"••l'""^'f'<'   was   an 
'««ottr„e.       Ttexiste     plMot,        i       ■^^'''    '^^  -"'•«'^- 
""""X^'-'^'  ^"•-  ^J'-  verv  ,./o     relso     th"'  T'""  "^  ^''«  Hindu 

work,   .levoicl   as   it   was   of^o^^t^V^'V'  '"  ""^^™ 
wo  hav,.  to<lav.       The  new  n,  ,?,    *'"*'   '«^'«'   P'a(v   value  a.s 

to  "%„.i„^,'' ,,,,  r  ^^  "^  r'  :J"^^'^""«^'^'-  --^ 

-iv.d,aswehaveseeryX'^:t^L;rr:^-'-^ 
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ilil? 


MfliitlBM 


Or„l    .ml,,,,...,..   ,h,,    |„.,,„„„    ,,.,,    ,„„,,,,   „,_    ,,^^,   ^ 

n..son,.  wln..|.  ...,....|  l',.sn.l.....i  „.  ,.|.,,.,  ;,.  ',,„,.. „,^, 
t  .<•  n.ir.,  ,„..„.. I  .l.snplin..  i,  w.-.s  s„|.,...s,.,|  ,..  f,,,,.;,,.  , 
"7."'  ''"•'"'•'    ''""    """•!'    Ii-a.lw..    ..„mI.|    i...   „„.„|..   i„ 

'"''■ '    "■"'"""     >i.-,..M„n„.     ,i.,    ,„„,.l„,,   .„     „,,ii.i,| 

''.•'!"•'■•    ^.'•''"•'    "-'^  "^    '■"'■    l'".vu|,.|    tl,,.    n.„.|,   ,.!■   ,1„.   .„,|i„. 

',""""  '"''";>;•  -kvs  ;i>  if  I,  I, .,!,,,.      Will,  ,1,..  „iv.,,t 

•lilt('<,  nl-Jll   iinil,!,,!'.!'      ' 

^^'""     l'l|"'     ''"'     •<      l'<'ili-linli     MiJ.-lill*!      1! 

",'''''"'"■''•;•  ^''"-     ''"■•'.      "•     Ual,!',,      ,h,.      I;,--      ,|.,.,,|,,     „,     , 

"'"      ''"'.       '"'■'"^      "'■      '"-itln,,,,;,.       I,;,,,,       |„1,1       ,,,,        „,^,j,,^,       ^,.^' 

"'Ik'I'    WItli    \;||\  illi;    sll. •(•(■>> 


i<-  l"M    tiivnlli-s..|li..\vlli,|.  Til,,  til. I...  f. 

Ill''    ..MT  I    iijiii:,,,..    ,,| 


It         M- 


Mil. I'  ;i.|      ii(.|^-, 


■'•I""     '"     III..     Ilijil      tl„.     i,,|,i;ii,,;,.|| 

;';;•'"■.' ''%'  '"'••'■."■"'i:'^;  ="  ^'  '-i-t.  x-  u,.„..,.  wi.i, 

l'l'<'>"  i>:M.r„.,|    ,i„.  ,„„„|  ,„„.,  ,,..,, ,„,„„.„^|^,  ^,,.,,^,,.  ^^., 

;y""''-^    '•";'-        .'I-    i'"-!    .1...    in    ,„|„|,    li,..    ,„..,.,i..allv    : 

-In.i.  Mt  ,„.„|.|..„„.  nn,  , n,|.li,..„.,l.  .|,„„|, ..,„i,,., 

;;■'""'"'"•'••;"":,''""  '■'"•'"•.^-  '■'•"■=''  ••"•irlM....,i,.„„.v  „..„„.. 
! ','■  ^"""'  'l"''".^"  '"  ^^■'•i'"'-  .•..•iflm„..i..:  ...,!  V/o.  .vr.v, 
""■;■•■  ^;""'''  ^'l'l'<''"'  '■'   '"■  'litr.'.v.if   .l,ili,i,.s   r,..,, ,;,•..,! 

'"  ''"■  Mitn„|„,.„„v  ,,.,.i,rm,.„t  .,f  >,  ,..i,i,.  u-l,,.,.,.  rl...  „„„ 
l'.Ts  ;,,.,.  sM,:,l|  :ui,|  il„.  >r..,,s  simpl...  .;..,|  ;,,•!, 1„„„,  ;„  „  „„„ 
jMlv.M.n.,...us.  I,  ntlnnl,  ,  .,„|..,,,.  ,„„.|;,„„  ,„■  ,,.^,.,,^^._^ 
iK'tw,.,.,,  ,,.i,..l„.,.  a.,.!  |.„|.il>  iUl.l  o.iv..s  ,li..  „.;„.|„.,.  ,.a<v  ..,„..., 
t<.mf,v„.k,...p-n,l".,n(lH.,.„,,i|s-,...as.„in,.  A>  ,!„.  „,„„ 
l>.-.;s    l,r.-..,u,.    laro..,.    an.i    rl,,.    s„.,,s    ,„.„•..  V.,,,,.],.,.    .,,,„.. 

'•"■''•'"?•    '""-^^'r'   l;'"-'''   ""    'i-    l-"-il.        So   ,|,a,    af„.r   , 
[."pj  l,;,s  n.a,.h,..|  tl.c  stuu..  wl.,.„  )„.  u,uU,  s|.,.||s  ai.,1  wrifs 

."     "''■•""•"   "    "'•""■'•  ■•^'  ^ I   .in.!,:;,,.....,    „,..,„    ,1,.     ,,arf    .i, 

iH'tli   rra.-li..,.  a.i.l    ,.n|,ils   as   .,,   ,|„.   ,.,„.,.,,,,    i„,,„,^,    |'^.,^^.,,,._ 

"":  '''■"•  ''   ■^•■•■■"f  "''-'"•.I   In   ph..-..   li.uirs   u-irl,in   wi,i-l 

wimci,  ,.,•  „,al  anrluMctic.  as  the  ,.as..  n.av   !,.    j.  i,.  J,.,,, 

^'    I' ='<••'•  I  Im. MO  limit    ilu-  ,.„rir,.  ,.,.ms,.   „ia!   aii.l    writf.-ii 

i.nUi.iK.nc  sh,.iil,|    Im.    n.iui.lciiH-iiraiv    |,l,a>,.>    ..f    tli,.    ..,,,,,. 
siiltjpct. 

'I'ciiclicis    ill    <.arlv    i>ia.l..s.    >,n    ik-c...,,,,    ,,*•    ,1,.      ,•     •,■ 
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11,;  ./'i;;;;;;'-;,'-^  ""■'•' -- ..f  .•..-:,i,.i.a 

f^-lwitl.tlH.M.I.|v.,f,,.v,.|„.l,.ov. 
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'Mill. 

A-  a  iirw   |.(.,Jay..Mx  ,,,,„,, 

;."(''->"■  .■xm.,,!,.  iin.l   |,a,.is|„.,|  ,■■  ' 
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ill 


III   a II. I 
'"•■'"y    wciir    t.)    the 

•■'"''.'""-••'  "f  .irill    frnii, 


-•"i.>n,M.o,.i  ;',;;;:;,;•'■; '•";.■■■ i- ... wi,i,.i, 

,  .  "^'>   li.iM'   Ik'ch   a|i|ili,.,  . 

-'-;';'^i'i-i..-i„...ii,Jn,..,io,i:         ',•',;;"' r'"' 

l--lH.ii.,iM>  w.  M.usr   thank    inr,.iu,,    ,,,:''••'"';''•■.'••: 
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"•?" -'■■■. ^..■-'::i:;::';r;;;r,;:;:i;: 


•Irill    was   ,„oM   ,.fr,-.-fiv,.   •,    -f  '."".' .7"'  ""•  '''"'••'•v.tv  that 

-.^.■.■i;...Mif,::':;:::,;:;;:,:;i;r ::;-::,,;;:; i";,,;- 
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III 
II 
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<'-iy  M-.K...SS  is  f.K.aii...i  i„  i,s  iniri,, ., ;  ;•   :^ ; 


1 

i...  ■  i;":-;r'!,:L;i'r;;;;;:v;i:,";:,:,tr;:";''''i '-r; 

aiifliontv  of  tlic  teacher 
This   is  the  ••  haliitiiatinii 
U>    liie    th( 


■s   a    te„,h.....v   ,,   .-eturn   .......what    to   the   .hivs   wh^r^he 

•  was  si.thV.ent  reason  for  th<.  pupils. 


rs. 


•nil 


•iitioiializatioii"3    inovenieiit 
•!<■   are   firav*'   Waiiiiers    ahea.l    ii.    \t<    .,.  ,        ? 
.•in-<'ptance.         rniiils   msiv   l„.    .     •       """"''"    'ts   oeneral 

t'-       ,        .     ',"'*"*'    '"">     '"■    il^MlIl    reihiee.      to    the    i>l-, 
o+traiiied  aiiiiiia  s     Tl...  .>■.;....:.. 1.  :.  ■    •  !/'"     I"'' 


may 
The  principle  is  Ix^iiK^ 


lie 


I  Thorndike:  "Educational  Fsycholoifv  Hrinf,  ,  r< 
'  8u.zalIo:     The  TeachinR  of  Pri.narv  .XnthuwU,:' 


m:^m£^i 


•""'•'"•rs  know  1,..^.  ,|i,^,.„,^ 


""•»i.-.    \v,.r».    f,,iu„, 
""<!  'iKlitli  yiii.l.-s.s 
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•  •-■-''•vin,n.i,iMn..;i..n,v:..,  !;'''''/;;''7^- '""  '"••'n.i...i 

-f"  in  ,.vi(|<.|i(r  iiff,.,- fli,.  I,.,         J">       '"    ""i""v.-Mi,.,.,  H.,, 

-7; ■  rur>:::,!i:^z::::,-t7'''' ^ 

""•'  '■:»-' ■t.-i  in  ,i„.  ..id.t  ;  „, .     '  " ,'''  ■'«"'  «'■ 

'■:,l,r'-'" "":- »'» -■».';::,  t'l-;;;::. ,' ;',:;.;  -' 

•'"^-''  -"'  <^>'fM.u.^  ;•:  lT"^r''''''''••'^•'•''- 
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'n...sf,.,.,.i„f.    ,|„.   ,.1„|,|      ,    ,,   "„        '''•;   ":"■■'"  »'U:m,:;l  f„, 

■■■•'" ■ ■>■■  -».■■..•.• ..:  '1.!  1,1;;;' ,:L,'i'" ''  '■ ''■• 


'  V\  hippie:    'M; 


F-iiKcMti,  V..,,..  I •:;:;.  r^''j"i"K>.  • 


,.^;;'.'.-.,h  v.... ,,..,,,,,,-- 


•'K'IImI     S<.<i,.,y     f,„.    ,,„ 


ll 


A"  I 
SI 


r**- 


ff.tfl 


ii 


SllKJy     „f 


Jt  J^'''"''-.-  in...  tu  n.iM.Mvk  tiii,.  infcivs.  sliouM  i.mm 
"II  <lnll  ,..v.nMs,.s.  iuul  v,.f  s..n,c  trarlirrs  .|o  „„t  i,|.|.m 
tlic  .i.-.-,.ssny.  Tl..-  |,roM,,M  i.t.ifiHic  slmwl.l  uKvi.  .  I,,'  ,,„ 
>"""<'  ".  .1m.  rhil.rs  inin.l.  If,|„.  .Irill  i,  ,„  l,'  ,„[,,•;. 
!'«'  I";|mI  mi.sr  sr,.  fluir  ,l„.  .Icsir,.,]  ,„o,.,.ss  is  uurrh  wl 

.'".'    '^    ':".'"••■'>■    "ir<'S.'.l    in    ,1m.    prnr.i,.,.    „,.,     MMnmUMO. 


i:iv,n^„nt„n,.f„-<,„,.s,ionstn,lM.  ••k..,„-i„-,,„,.il  ...  ,|,, 

ls.v,.l,ol,^„,,|    ns    U-..II    :,s    |.ri,.-,in,l    .•..nsi,|,.nnio.,s    , 

.  i<'.!,.sn-|,  Mhrv  ,.fMlxv:,vs  ......Immi:  .Im.  .n..sf  ,„■..„. isin^  1..., 

Ill's  IS  iliMstnit...!   iM   .1,..  n.lvai.rnii..  -.f  .•,.,■..■,1,,   n,...!,,,,!- 
siil.tri.......,,  uv..r  ...iM.rs.        Tliis   is   als,,  ,,,,i,.K,.,|    .„   rh.. 

<•"limM.ll    ln..th...|   .,!■   f,.;M.|lill^.   ,|„.    im,!lij,lir;,ti,.l,    tMhl... 

I'lii'i    ,,f    r..:i.-liii|o    ,1m.    siiiij.l,.    cuininiKiii,,,!.    i,,    ...,.;.||    ,,, 
iiiiiv    l„.   iiii|,sy.-lM.l..-i,.iil    ns    well    ns    was.,.|n|.         TImt,. 
'•'■'■'■■'Ill  .•..ml.iiiiiri..i,s  ns...|  v,.,.v  tV..,|u..iirlv  l,v  il„.  |„i,,i|    . 
soiiM.    ulucli    -,v,.    Mior..   .liHi.Miltv    ,|,,.,„    ;„l,;.r.  S„Hi',.i 

'■.Njvn.iu.ntnl  \V(.rk  i,ns  n...  I.....M  ,1.„m.  „.  ,|,.,.i,i,.  j„sr  w 
i<  th..  I.<.st  s(..|,„.,Mv.  |!v  follnwii.a-  l)..w..v-s  nlni,'  ,,f  I,,.. 
nniii.  witl.  s„„M.  h,r,(.  wl,..|,..  „,o,.,  .,,  i,.,,  „,„;,;,„,  „,- 
l"M..ls  ns  til,.  niiinlMT  I  J.  snitnM,.  ,.,Mnl,i,inti..Ms  ,.,,„|.|  v 
yiisiiy  h,.  s..|..,.t,..|.  ()l.s..rvn.i..„  ,n,„.s  „,  sIm.u-  ,har  tli 
's  tnv..Mnns,n  nm,.„n-  ,n.i„l„.rs.        F.,„r  is  sai.l  ...  1...  .  ,.,,„,. 

';':;';"■"'••  -^^  "  •"''■•  "-I'l  •■  ■  '•."-  nn.  u>.,.„,,„hn-  u- 
.liildrcii.  ' 

I"  l'-M»:;.  Sni.lunl'  ns,..|  th..  .jn.n  sn,,,,ii,.,|  l,v  ,  „„,„.i 
••"Hlcst  sia.^..,|  i.y  n  in..r.-liniit  in  \V,,nvst..|.  '  I;,..,,,  ^v, 
H;"-'''l  I"  "  Hv,.-|.in.  i,o..l,.  n.i.l  j.ln.v.l  in  th,.  ,,....•,.  w  m.|. 
Ill-  !...rs.,M  ;,M,.ss,n.  ,1,,.  ,M.nn.s,  ...  rhr  ,..„.,•..,.,  Mn.,,1 
'•'•<"<'-;"'I  til..  |.r,/...        SnMfnnl   uv.ir  ..„  th..  nssMnrnti,,,,   ,] 

I'; '•■  ^^■':;:  ''  "iu...Msc-iu„sly  „ ,n,„.l.,.rs  ,l.n,  n|M...nl...l 

;'"■'"•  .      ""'     '■•••^"'''•^-     ^vi'i<-li.     n-irli     n     ,|,.„l,t.     i,Mli,.n, 
hiv,.nnt..   .,„.ss,.s,   nr,.   not   „f   uiii.-li    i„t..r,.st    iu    .,   t'.,- 
tiM.y  w,.,...  n.lnit   o,„,ss,,s.  !„„  thry  nllur.l  fnr.h..,-  M.i.~,nm 
"•'"  ;'"1h.  I...h..f  tlin.  ,.l,il,ir,.„  n!s..  I.nv..  i'nv„n..ii,.s 

llmriMlik,.   siil.Miits   .(.ntntiv.lv   tu-.   fn.T,.r.   i„    i,,,,,,.. 
'"-■nt.  nl:s,.iM-..  „l  ,.|,M.ti..Mnl  ..x.-ifiiMnt  nn.l  nl^.^M..,.  ,.f  w.,r, 

Vm  ''""!"■""""  '"  ''"■"'■'lMirin-.,f-kiIK  in  .•unmin.ri 
s!m.i,I.I   u..t  I..  ........nrn,^,..!.        Tl,..  M..nnnl  ..x..,t,.„M.M.  .■■,„. 


'(i....t."<l  I.y  lf„w,.ll:  ••  p,  ,!.,K„^,v  „,•  An,|„n,.,,>; 
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"■iilcil    to    !       o,-o.,n,U       ••If.l  ■,  ■■"  ">     ''"'"    \iiriuii-    vi.,..,,, 
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-<'>-l<i.i.  wit).  ,mli,.v  u-..i-..i   1-'     nii         "1    ''>•,  ""■"'''"•i-"llv 


1 

-H       t' 
llil-f 


nil 

<>l  W'>ri-\-. 
ll|)in;il!..|i 
III   cMn<i'i! 


y, 


nun:  ■'  T, 


'■    IVMllts   of    tl 


'""K"!'  .Mi'l,r,n.ili 


"     "''I    lllcliloritc; 


.-Sir 

•Ifh 


Jill  II 


■aaa 


M  .  „.  ar.t h„H.tK,.  spoiling  an,l  ,..<>.raphv  we.v  found  in  t 

".'■••    ''"'-'•  Jl-'f/^fons  u-erc  jrivon   r,.  tlu-  <.n,r..M„uKli, 
,i:".'.lo>   m    (he   Spr,„„ii,.|,|    ,,.,,,,,,1,    .,    ,      „  I 

J'HlKTs  „un-kc<l  l,v  rl.c  ,a„u.  iH-.Non<      H 

obtauH..!  l.y  tlu.  pupils  in  arithnu-ti..  was  .;:...,  a:a.'  inst^"' 

bv    lu.  pnp.ls  of   ,s4r..     This  u.ay  In-  partial  .vi:  .  ;,- ^h 

of  t  <■  la>t  ,.,.n(-.-ar,..n  o,-  so,  a,v  n.or.  ,.mH-riv,..     All   wi 
'"'"'"  '"'"■•■^••''  '»'«'  H.  yet  remains  to  be  done. 

IIV(}IK\K  OF  AKfTIIMHTiC. 

Tlu-  iiealtl,  of  rl.e  .-liiM  in  relation  to  instnu-tion   in  fl, 

=3  £::-r::;:;,;t;;:;:s:f  :£ 

■e'nr  H„;        ''••'"^   '"•"I'.'^J't   niro  questionable   lipbt.      Pro 
0  sor  Kandn,:..  h  ,!.,.  p.oneer  in  this  Held;  bu,  rlu.  fiHd  I 

'."!yb.n.ro„eeda.yerandnuK-hn.nnuns,olK.W 

'  "<!".ibfdlv    the    exa-erated    notion    of    the    value    of 
•"■"l'-t.<;  M.   .!..•  p.M   allowed    n.any  praeti.-es  to     re  '.   i 

.ann.  otf,eu.ney  a.  tlu.n   aiu.  whieh  in.  nou-  kn..."  ^  ^ 
"!     [..TUH  ,o„,  „.  ,1.,,,  ,,ttv,.ts  on  n.ental  life.     For  i,,.,   ,J; 

an,l  at,to,nat,e  ..striets  and  warps  reHeetive  t,.nd<';;;.;t        ' 
One  of  lb.    t,r-t  eon.id..rations  i-  the  ,,„e>ti. f  f^'i-ue 

|-mn,,,.-  ,1..  ,  x.,en,.o  nf^.  .MM-ve  nf  etteienev  and  of  f,;.;.: 
.<■-.  ,.,  vvh„.|,  ..xp..rH..,-e  ^u>uh\  point.  >ueh  uu.tters  as-  ul.,.-, 
;•  J'"v<:  •!".  >,d,,e..,    t.ud.t:   length  of  |,..,n.   pn.porti..n   o" 

tn.e,Mven    to   ren,a.i.>na,.dtoseat   work:<liJl,.n- 

pbn    period,    ete.,   are  all   of  jjrear,   iu.portane,..      The   La 
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"I'll-**  ..f    ir,   imtil   !„>   rcrtchod   ir.O,   this  ^n.v,.   |,i,„    |()   aii.l 
'<-num..l(.r  I'.i     Tli,.  an.wn-  w.h  thou  410  with  n'riiaiml,.,-  2. 

Ant  .ill  iiiath<'maticiiiiis  ii>c(J  the  mothod  <.f  ro|H>atod 
'"Iditioiis  t..r  i.mltiphVatio...  Ilrn.  of  Al.-xa.i.lria  i,mlti|,li,..| 
18  by  1?,  in  the  itiannor  dosoribed  Mow.  ft  tinist  Ix!  reiiH-rii- 
ixmi  that  ictt.rs  were  ,wod  for  tli<-  individual  imnihors  how- 
('\cr. 

i:(xis  =  (i04-;j)  (io+s,  =  i()  (i()-|-s,+:{  do+S) 

This  Ian  operation  W(.uld  I.,.  |>,.|toiiiie,|  l,v  means  of  the; 
abacus. 

With  the  introdnefion  of  alfrorism.  ,,r  the  Arabian  arith- 
metic, based  on  the  art  of  Alkarisn.i.  and  the  consrouenl 
"U.-.nnf,rof  the  old  Uoethian  arithmetic,  the  abacus  was  pretty 
w.'ll  discarded  and  operations  w.-re  performed  with  the 
Miubols  themselves,  following-  rules  carefullv  set  out  in  the 
-•..mmencement  of  all  arithmetics.  Kvcn  ve't  the  operations 
were  very  cumbersome  but  improvements  weiv  irraduallv 
itilrodueed,  due  larfrdy  to  the  Italian  merchants  to  whom  the 
iK'w  arithmetic  appeale.l  very  stronjrlv.  The  improvements 
••onsisted  largely  of  the  intro.luction  of  signs,  losrarithms  and 
'lecimal  tractions. 

The  origin  of   the   various   signs   is   not   clear.      Ahme> 
"-presented  addition  by  a  pair  of  legs  walking  forward    sid.- 
iiaction  by  a  pair  walkimr  backwanls.  or  a  Hii-ht  of  ar'row^. 
In  Greek  times  addition  was  indicated  bv  simple  jiixtaposi- 
lion.   a   relic   with   us   being  seen    in   such   numbers   as   -JV' 
■■.!iK-h   stands   for  2  +  1,..      Subtraction   was   indicated    bv   a 
special   letter.     Jn    India  jnxtapositicm   indicated   addition, 
will!,,  a  <lot  over  tin    iminber  to  be  s.,bfracted  meant  siibtrac- 
lion.     Then  appeared  at  (littVrent   lime,  su.-h   furnis   .,  ..r   p 
t>'r   a.lditioii    an.l    m    or    ni    for    Mibfraction.      Tlie    (.-.rliest 
instance  of  the  use  of    f  and  -      rreonl,.!  is  in  il.c  Hflcentb 
••entury  an<l  the  adopti(m  was  gviieral  bv   !(;:!(>.     The  origin 
"i  tlie<e  siirn-  is  very  doubifnl.     The  sign  --.    se,.ms  ,|iie  to'  an 
i'.nglishman  who  lived  aiuut   i:,r,7.      Prior  i..  his  time  fh,. 
word  was  written  in  full. 


'  »all:  "A  Short  History  of  Mathematics.' 
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;•)•;;•;     "'<•;;,  ->:l   the  e,vdi,   f...-  its  adoption   l.h^te 
'•iirih.  an  Kn^Hishnian. 

uuut  of  Uork  M.  perfornin.^.  the  operation.    Take  for  insta,.;.. 

z:-        tier.,  ar,.  funr  ways  ,]„.  resnit  mav  he  obtained 
.>  t  i  •  • 
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4.     .from  10  leaves  4:  4  and.-!  are  7  :!»  from  H.  l.-ave.  I- 
1  mid  (.  arc  7:  2  from  7  leaves  .1. 

'n.c  third  i,  called  flu.  Ansn-ian  method  a.„l  is  ..referred 
I'.v  some  on  account  of  additions  alone  heinjr  Msed.  It  is  how- 
'•^•^''-  """.Innncd  l.y  Urownd  ami  others.  The  |a  t  me  „  I 
v<"ry  old  an<|  not  n^-d  to  nn.ch  extent. 

In  the  fieM  of  tntdtiplieation  and  division  the  Flind.is  and 
Aral,  f^,nnd  jnea,  difficnity.  So  lahori.ms  were  the  pre:;":; 
.  nd  so  prea,  the  hal.d.ty  to  error,  that  checks  were  nvented 
tJn-on^'h  d.re  neces.sity.  An  instance  of  rl.is  is  the  nde  o 
.•-n.^m.tlu.n,nesf.,..,,„d,iplieation.  Hy  invennn^  raMcl 
If    o  ..X..  and  nak.nir  nth.-r  and  hi-her  mnnher  facts  ,le„en- 
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lliii(l;i«.  Till-  pr.M-cv- .  ,,f  .liviilii'i-  l.:;:;o  l,v  «n|.  ,, ,;,,„.  .||,. 
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'  I?;ill:   "Hi-t(,iv  ,if  .M;ifli(in;ilics,"  wlicic  it  i-j  f|.  s.iiImmI. 
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Ni...xi,a  zrn,s  ,n  tlw  .•.,im|.I.  tc  (.xampl,.  Hi-t  M't  o„r.  aiv  n.,i 
>i-■V-<in^  l.m  f  a:v  .1,,  not  afV...,,!.,.  iv.uh.  as  i,  i.  ,,vi.|..nt  tha, 
:'  •'^^n.  ,M  ,1,..  .l,v,,|,.M,i  n.ay  I,,.  .Inf.nl  .,,,.•  or  M.oiv  pla,.,..  ,,,. 
'"  tlic^a.iH.  v,.i-nVal,.<,l,n„n  if  ii  1...  .M.nvc.iiicni  t,.  .1,,  .„ 
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Til.'  MTar.-l,  M,cil„„|  was  .nuploy,.,!  ,.v,.,i  afi,.,-  our  prc*t!.: 
'  i|"i  \va>  a.|n,.,.Ml.  |,„t  it  ua~  tinaliy  ,li„-an|..,|  ,.,iH„it  170() 
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Hrro   thr   .l.riuu.l    point    jfWvH    no   truul.l,.    an.l    tli..   ontir. 
i(inain(l«r  is  l>n»iig|if  down  i-ach  time. 

An  inn-o^iK'ctivi'  sni,|y  imulv  hy  Hr«»wn«-.»  using  adul 
MibjrctN  lias  fiinii.shf.l  imwh  VHliial.lr  int'orniiiiion  alxmr  tli. 
(onr  tiindanicntai  j.r.K-t-M.'^.  His  rcsnlt.-  will,  of  .•ours.- 
rcqiiin.  fnrtli.T  confirtnafion  Mnn-  ihrv  ...1.  Ik-  am-ptoc 
witbont  qjiOMfion. 

Tho  four  |>r<KM  s.M's  Iiav<.  their  ori;>in  in  .•oiinrin^'.  Soon 
•••.iintinp  is  rc|»la<-c<l  l»y  nicmorizjui  tables,  tlic  stKiiiU'd  mini 
Imt  fWtsof  «<idifioii.  ^n^fraf•tion.  niiilti|)li,-ati..n  and  division. 
I"h«'  Icarnin^^  of  tlioN'  tal)l«-H  i.  MMialk  tliruni-ii  motor  or 
inofor-aiiditory  rcs|)on>r  to  visual  Miiniili.  This  motor 
ivspons,.  is   linfjuisti.-.   and    in   the  carlv   stages  of  addition 

I  ho   inipil    must    u-c   a    fomplcte    stai.  liu-nl    of   the   prm^ss. 
Thus  to  add.  sa.\ .  4.  7.  ;!.  otc.  he  must  -av    »  an.l  7  are  1 1 

I I  and  .'5  arc  14.  etc.  '  ' 

Later  lie  niinies  the  sums  only,  thus:  II,  14.  etc.  It 
should  lie  the  teaeher's  aim  to  rid  the  pupil  id"  thew  tal.uia  • 
formulas  as  soon  as  possil.lo  s<»  that  -rreater  s|K'e<l  mav  Iv 
attained.  A  ehild  or  an  adult  when  <-onfuse.|.  tired  or 
uncertain,  will  lapse  into  this  fidl  verhalisni. 

When  acMiiijB;  a  eojunin  of  single  dijrits  the  partl.tl  su-ns 
arc  always  jriveii  verl.al  expression,  not  often  of  coursi. 
andihh-,  and  emphasis  is  always  placed  on  the  units  diiiit  of 
the  sum  rather  than  on  the  tens.  This  verlial  statem«"iit  of 
the  sum  aj>i)arently  helps  to  fix  the  sum,  suU-onsciouslv. 
and  leaves  the  attention  free  for  reeo-nitioii  of  the  next 
nninU'r  to  Ik-  aihh-d.  After  the  first  nuinU-r  is  pass(.,l  there 
are  tour  distiiK-t  stajjes  in  aihlin-:  (l|  the  re<-ofjnition  ..f 
the  sum,  (-J)  the  motorization  of  this  sum.  ( ;{ )  the  ro<'o{nii- 
tiou  of  the  next  nninlK'r  to  1k^  add<-.|.  (4)  the  ass(x-iariv.- 
process  Icadiiifr  to  the  sum  of  the  two.  Stajics  (  I  )  and  (  -2  t 
are  the  focal  points  of  attention  in  addition  and  nnv  wcakiu'^s 
in  either  or  in  (4)  retanis  the  process  and  errors  may  rcsulr. 

Of  course  success  not  only  in  addition  l.ut  in  all  ihc 
processes  depends  upon  the  strenyih  of  the-  fundamental 
associations  (honds). 


'  "American  Journal  of  FsyrholoRy,"  l<,»lfi. 
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llic  miii.l  l,v  ic|.ctiri..iis,  iM.n.ls  „f  associatimi  :,,<•  formal 
N'twc'a  all  the  individual  iiicimImis  of  the  scries.  Euvy 
iiu-iidHT  of  sncli  a  scries  ac-.iuircs  a  tcudcncv  to  hring  the 
oth.T  meiiilHTs  aiono.  with  it  wh<.n  it  n-eutcrs  .•ojisciousness. 
ilics,.  l,ou.ls  or  l.-iideiu-ies  are  of  diifciviit  dcoive.s  of 
streij-tli.  For  remote  iiieiiihers  of  t|,e  seri(s.  thev  are 
W'aker  thai)  io,-  iicii.hlM„-i„n  n.c.nhcrs.  The  ass^u-iative 
'x'lids  tor  oivei.  distances  Imckward  are  weaker  than  for  the 
.sHUic  <  istanee  forvvar.l.  The  strength  of  all  Loads  incr,.a>e^ 
with  th.-  inunher  of  repetitions.  IJut  the  stron-.-r  UnuU 
IxTwe..,,  iieiuhi«,rino-  ,He.iil:ers  are  nn.ch  iiiore  ..ni.rklv 
sfi-eniithened  than  are  tiie  weaker  hoi.ds  hetwei,  more  .iistaiit 

!'icMd.ers.       Iherefore   the    iv   the    niimi..M-   of.  repetition. 

increases,    so   mii.-li   sfronner    l.ecomc   these    houds   al.solutc'v 
iiiid    relatively  to  those  of  more  separat.'d    memiicrs.'-i 

lliar  is  (he  law  applied  io  rhc  coiiniiiif:  -crh's  mean- 
fhai  111  11^:.'  --1  1.  sav.  the  a~-ociative  bond  l.e'rwccn  U  and  11 
1-^  cniiiparalivcly  siroii-,  hut  l.ctwceii  -J  niid  1  1.  as  l'-}-1)t:^^1  1 
ir  is  \erv  weak.  -  .Vpplvim-  this  -,  Jc.  nvo  di'tinct  ten 
'Icncics  ajip.-ar  fur  whi.-h  the  iiitrn.pcciioii<  afford  a  consider- 
ai.Ie  body  of  ovidoneo:  (  1  )  The  easiest  ooinbinatir>iis  will  be 
those  in  which  the  groatosr  (lis|.roportion  between  the  dibits 
oxiM.  as  7  +  1'.  !t  +  L'.  S4-;;.  in  o-oneral.  combinations  will 
iH'  hard..r  in  the  inrrea>inir  order  of  the  smaller  of  two  digits 
liivnii?  the  same  result;  easier  in  the  increasing  order  of  the 
litrger  digit.  (2)  ("ontinning  up  the  ranee  of  possible  com- 
i-riiations  with  coiisrantly  decreasiiiir  differences  to  the  point 
where  the  diffi-reiice  between  the  two  dijriu  combined  is  least 


i!.'^  4-f  :i.  :,-f  4.  s~)-' 


be  greatest ;  and 


-^.  the  difficulty  of  conibininff  should 


cnnoiisly  enough,  we  seem  to  find  here  th( 


same  law  of  the  shorte-^t  step  also  operafive-addino-  bv  sub- 


th 


e  smaller 


iracting  1   or  i'  in  the  ease  rf  it's  aiul   S's  from 

of  the  digits,  and  saying  the  re^ilt  in  the  'teens,  espeeialh 

cominon  in  !>-combinations.     With  other  odd  and  even  diirit 

cMiiibinations 

:'s    H-l-r,    (J-^ 
addition  is  irreatli 


ions  in  this  class  where  only  a  difference  of  1  exists. 
I  much  less  consciously  with  ">-|-4,  the 
reinforced  and  frequently  comes  directly 


from   the  doubling  of  the  larger  an<l  siibtractino-  1,     Th 


'Taken  from  Hrowcc:  '•.Uneric.ai  Journal  of  Psyr'u|,>|,v.-'  „.  !J. 


fereaur  than  the  more  d.rcct  5+5=10.     While  U4-5=n  i, 

l3elow  10  rho  lono:o.t  .,.,,  is  li„,itod  to  four  member. 
'•— •»  W-\ou<r.  u>  the  5-cK,„nt  and  is  easv,  ab<n<  10  Vll 
Triax.mum  ransro  is  8  member-       A.  ;  -  M.  i  V  ^^ 

"'r- "'.  "■--  ..<  .1. ':'';;;,i„«t,r.  •,::: '"'-  "th"; 

M.,l,,plioa,i,,,,  i,  his,„n,.„ll,v  r.po»„,l  a,ldi,i„„s  of  oqu.l 
■l<l«.v  of  a.,.,K.,a„a.,  ro8„l„  i„  reversion  to  eounline 

"h  f« Vh,  d         ,  **  °.'  '"'"y  """■"■  ''»''  PW'-'Wy  '■■ 

,i;l  I       I      jj  "'"'""""  '"  """"-il  i"Mir,»  arc  r  'vor*.!  il, 


■*•'*. 

•i»i 
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.     u  ...  .„pf.os.>  thaf  ,lH-  mnhipli,.,.  sh.uld  Ik-  the  ....H.-r 

uo,  J.I  s.rnply  „,oa„  ,vver.i„^  to  !.  I,v  .•5.  and  tho  tablo.  w,:,,!-- 
.0  thus  ,.ut  down  con^iderablv.  He  al.o  suf,^s,s  .eparatr: 
tables  bo  n.ade  for  tho  paired  cases,  .noh  as  9X5).  SX8  'nJ 
In  lK>th  addition  and  multiplication  the  prm-esses  are 
>.Mifh,.t.c.  the  bonds  operating  forward.  -In  -..btracti,.;, 
and  dn  ,.K,n  the  M  of  a.-ociation  operate  backward,  hence 
ihe  tw.,  d.stmctly  different  classes  into  which  the  four  simpl.- 
processes  divide.  ' 

In  subtraction  two  exercises  were  tried,  one  the  s-L..ol 
room  practice  of  continued  subtraction  a<   10(K— 7— 8— -,— •• 
.'fc.  the  other  written  subtraction.     All  the  subjects  reported' 
Ihat  11  took  longer  to  initiate  the  subtraction  "set"  or  attitude 
Uian  III  the  .'ase  of  addition  or  mullijilication. 

In  the  continued  subtraction  the  same  four  stages  wer^ 

noted  as  are  found  in  ad.lition.     The  same  laws  are  operative 

.•xoe,)t  m  fhf  rever-e  order,  whi.-h  makes  subtraction  a  decid- 

'dly   har.le,    process    than   a.ldilion.    associations     backward 

I'c-ing  weak...-.     This  explains  why  in  subtraction,  espeeiaUv 

uhen  the  subtrahen.l  exceeds  the  minuend,  the  additive  pre; 

<"ss   IS  employed   rather   than    .lirect    association.      Person. 

ranslate  the  backward   associations  of  subtraction   into  the 

orward  ones  of  addition.     So  that  while  it  mav  be  easier 

that  18,  more  primitive,  it  is  a  less  economical  procedure  than 

Hsinjidinvt   associations.      Persons  eiuploviuj.  the  a.hliriv,. 

procedure,  when  they  strike  a  weak  ad.litive  bon.l.  u.av  -ii,, 

-ver  into  the  direct  subtraction.     For  example,  with  manv 

people  ,,-f !)_   ]o  ,s  .,  ,,.^.,,^.  association,  so  that  in  subtiactin- 

w~o  ^  '  ^'"P'*'-^'  ^  ^^'•■'^^  subtraction  bond.  In  ca*e  of 
1-— •>.  very  likely  many  people  translate  into  tho  additive 
liond. 

The   forward   associations  king   first     formed     are    the 
strongest,  so  that  after  one  has  acquire<l  in  subtraction  the 
more    .K'onou.ical    .lirect    subtractive    associations,    he    fin.|. 
mnself  loath  t.,  trust  tlu-se  and  pr..ves  by  the  additive  l).md< 
It  sul)tracfioii  facts  were  as  well  learned  as  the  add 


would  Iv  no  need  for  this  doubl 


itiv(>,  tliei-e' 


It  would  seem  that  the  Aiist 


pr<x'e.luri 


i<  n 


>t  th 


rian   method  of  subtraction 


le  nio^t  econoiin,...,!  ul„>re  one  could  be  well  gronnd.^d 


MS 


IMftuV 


in  tie  Imsi,.  s,H>traotion  a.^K-iations.     P„pi!,  sho„I,I  ho  givr-n 

.racfc.  ,n  .ounnn.  ba.kwanl  so  as  to  hav.  th.  saa.o  fadlitv 

.  ckM-ard  a^rhoy  have  f.nvanl.     This  wouhl  ..lin.inat,.  mani 

Of    thP   troublPsoiMo    sulTractivo    l>onds.     Hrowru-    is    of   thr 

n  tlmT  ^:.'^^^,f^."■^""\"»■''">'^  -^  ■■"creasing  tho  minuend. 
'"  flLif  t  ;.■  -l.fh.M.IfH.s  of  lK>rr.m-ing  would  Ik.  ',.li..,i,.atod 

In   division    many   of   the    phenomena    observe<I    i,i   the 
other    processes   appear    here    too.      At    H.st.    iiiultipli  It  o' 

ormida   appears    h„t, ..dually   the  din.r  association:  ^ 

for  ver£..  T""   t"'   ""'    ''"''''   "'   "multiplication 

additio"  '"'"■'•'  "'  ^••^q'"'"»l>-  ««  H"l^tra<.tion  does  to 

_       In  wiin..,,  divi.ioM  there  an-  nn.n.roiis  partial  divi.len.l. 
.o  he  dealt  with  which  are  not  always  exact  multiples  of  the 

s,!!.;"';-  ^"•'-    '""''"'""■    ■^■'^''    "'<'    ■"•'Itipli.-ation    and 

subtraction  operations  to  Ik-  done,  make  the  division  process 
rather  cou.plicated.  -The  difficulty  of  the  pn^-ess  as  a'  v  1  o " 
increases  with  the  size  of  the  divisor,  k.cause  of  the  increased 
ange  of  possibdit  es  as  to  the  dividend  numU-rs  faZg 
above  the  multiple.  'amug 

In  all  the  processes  all  the  subjects  laid  importance  on 
the  act  ...attitude  of  mind  which  .lirects  the  particular 
process  and  holds  it  to  the  proper  field.'  particular 

When  edu.-ators  ha<l  to  recede  somewhat  fn.m  the  extreme 
^>f.w  that  aiithmet.c  provided  a  general  training  of  intelli- 
gence wh„.h  .oul.  be  directed  into  anv  othe^r  channe 
-me  fell  ba<.k  on  the  assertion  that  there  is  transfer  amon^ 
rho  various  ..p.-rations  of  arithmetic.  This  has  led  to  con- 
..derable  u.vesM.a.ion  and  the  conclusions  are  of  ^r  me 
importance  to  the  teacher.  ' 

fVobably  Stone-'  was  o„c  ..f  th..  tiisr  f.  enter  the  HeM 

and  after  a  iiumlK^r  of  experiments  concluded,  among  other 

hings     bar  there  was  :ch  thing  as  arithmetical  ability, 

iMit   that    arithmetic   v,n>   a   complex   of   abilities   made   up 

<..    several  specific  abuifics  relatively  distinct,  a   low  degree 
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'KcfucXnlu'lvlXu^y!'''^  '"'  '"  "^*'^"<'-  '^  d-e-^d  by  Thorndike 
'"Aritlunotirul  Al.ilifi,.,  and  Some  Factors  Determining  Them  " 
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m 


-f^t^^m^':^ 


involvcd.  '  '■'"'  "'  ""'  Jifcrcnt  abilities 

•"V,   li  «,„,„."   ,      „ ',;  •'  'f^'"''  "'  "S»inst  coluiMM  of, 

Thi,  „„.?-;;,;  ,;rutxr^r;.ti;';'i:v  ";.'•  '?^""'"' 

who  has    (ontiHr.,!  .,..-1  »  .        "^"'luwca  up  in   .\Jr.  Oourtis, 

^•ons  has  not  boon  studiod  t^    ho    amo  oJeni       i  "I  ■'■^"- 
'■«l".ros  a  .pooifio  hahit.       Thoro  lu\   ,T  .^^'^  ^^^^^ 

•iemoms  in  manv  „f  the  tv?..  ^'^  '""■"''  ''^  <^'"mon 
-nt  difforonoo  fo  Inat  ^  ^^'^t  ^^  'i,  ^'^^^  -«- 
'yp.  and  loss  offioiont  in  ano  her  Tht  *  '""'  '°  ^^ 
a<*!eristics  of  the  various  abuSs  aro  •  rate  "r''^*  '^'■■ 
'■nd  a<-,.uraov  of  ,ospoMso.2  '  "^  Performance 

Winch,   in    1!»1(»  and  as-ain   in   I'M!  3  „,.  i    ,     , 
ments  to  solve  the  problem  "''J,  r  "•"'•''•tf'"k  .'xpori- 

of  Numerical  ('omDuta/rnn  T    "* 'V    P'^''*"'"^"'  '"  Accuraev 

fsed  in  computation,  while    he  it  w^s  .iv  n"  T'  ^'T 
entire  v.     After  a  oprta.r,  *;        i    ?     ,       ^  ^"  "^''-''  ^«'ork 

problems  invoh-^rC;^^''^^!,^:^,;,^^^^^^^^^^ 

was  taken  only  of  the  reading!  tie  ac7u  a.Tv'Jt'  "°"" 
putation  being  nedected      TK„         7  ^^'"'^«*.'   "^  the  com- 

iniprovementln  Ituracy  oltiZ  t"T  ""''^'^^^  "^^  ^^-^^ 
not  show  anv  iuZvemen  ^"'^^'''''^^  oo„)p„tation  does 
reasoning.       "        'P'^'^™*^"^     '°   accuracy    of  arithmetical 

'  See  Appendix  E.  ' ^ 

»  This  subject  is  continued  further  n  Ui  ., 
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10  «rr.s.      11„.  ,.,,u.„.s(..l  obM..v,.rs  shMwe.l  from  -'o  /«  40 

""•     "■.,...a,.„s,.,|     ol.:„.rv,.rs.        Thor.   was   little   c W   i 
'iH'H.ory  span  Cur  c-itluT  oro,.,,.  ^"^"^   "' 

thon^for;  to  th/itzr';r""V"  '^'''i '''''  ^^'^  '^"^ 

inc  scrirs   ..nil..  .' ''"'''"^^  acquirorl   ,n  the  train- 

up^n    i    ;    '"'VT'"'^'  ""''!^^^   i"   ^J'^'  "then  arithmetical 

>V\    .turn..      ||„,  ,u-,,   luaiu    hi.-tor.s   wore    ( „)    an    in.-r,-.s...I 

31y:Sr!.;S.'S>;----.-:S 

There  wo„M  s<.e„.  to  i>e  a  diserepanov  between  the  results 
of    ho  two  an  ..«t.^.ations,  l,„t  it  is  onlv  apparent        In      . 
.rst    there    ,s   no    relation    whatever   betwe  n   the   prois^ 
u     e.  .  an.l  ..o,.s...pn.ntlv  no  transiVr.     Such  is  not  the  ^t^n 
M"...h  s.      J  ins  wn„M  .sc.,.n,  t.,  U-ar  out  the  view  that  tr^ust 
..^  P  oport.onate  to  the  c-onunon  ..len.emH  involved 

Atter  mulininfr  r-ertain  experiments  of  Wimma   to  deter- 

tasks  differ  niateriallv  in  eharacter  ''i 

«uhw'''"'A'nnnil "'  "*^"'^^""  'T^^^  ^  ^^ded  as  one 
inct.e.  There  ,s  no  spec-ial  arithmetical  faeultv  The 
subjec-t  en.braees  a  series  of  operations,  some  more  or  les^ 
•  elated,  others  completely  independent 

On  aec.onnt  of  the  many  activities  of  mind  involved  in 
aubnotn-al  eompntation.  eompntation-tests  have  been 
employed  widely  to  measure  rot  onlv  -is^o^i^fi. 

;r,  ■:;rr'  ■*•■ •.-  - 1-.-  a* ',.!,,  rr/rr 

HoiJed  a.s.soeiation  may  \h^  seen  in  Whipple  2  whilp  fl...  . 
..-..oral  ....  of  arithn.onc  tests  for  .enS   mem'le  m  ^T: 
f!!!!!!:!:!^!!::^^  ««  Intelli^.n^   Testes 


•  ?l 

Ml 

-s  Jl 


CHAPTER  V. 

SOME   ASPKCTS   OF   SVMlim   TEACHING. 
( Pontinnpfi. ) 

PROBLEMS. 

«;ii  1  "itnont  this  <-k.ar  moutal    magcrv  the  i.uml 

^^<1I  Lav,,  no  s-k-.h-ss  in  solving  ,>roblon.s.        ^    '  '  "^'' 

1  h,^  n...a„.  tl.,.n  fhm  ,1..  p,„|,,e„,.  „„„,  |,.,  ..,.,,  .. 
f''"\    (-'•"''''-■".^.      Ti...    ,„...M,.nH    n.ns,    aris..   out      f',}'"^ 
pi-,  tbo„.  ,an.,.  and   .onstn.tive  activi.i,.  a        ,   e      ^ 
|num^.  J,te  ut  whiei.  the  .-hiMn-n  are  a  pa...     tL'     .,  ,    : 

U.I  tn.  rh.  <dMhl  nn.s,   nnd.rMan.1  ,he  siMK,ri.n  .r^^ 
<litions  \VhH.h  OUT  nso  to  ,1,.  pa.tin.lar  proWen. 

-Naturallv   this  pj^.-i-s  n.nsi.leral,],,  limitation,  upon   the 
mr  of  tho  to.vr.l.ook.     Th..  toacho..  should  not  boc>.mo'a  sh  ! 
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-y  it,  h,„  rn-at  .t  as  a  gui,|..  aii.l  rcforen.-o.     Even  witl,  fl„. 
••I>m,nat...n,-  alrou.lv  siiggr.trfl  tlH>rr  will  nevor  he  a  perfe.-i 
"•xf.      It    .n.ist   U.   ,litf,.r,.Hr    for  c«rh    locality.      The   ifroat 
n-VTvon-  u-h,.h  holds   ,h..   ncv,.-.sarv   .natcrial   .s  the  sohoo 
-.m    ...MH.nu.uv   l.f...      The   thc.^htful   tracher  will   use  the 
UAr-jK„,k  y.rv  .liH(.ni..iiialiiisrlv  an.l  Mi|,,.|,.„„.nt  it  iilM-rallv 
hx,H.n.>u<-c.  has  shown   that  j.M,,il,-   failun,.  ,o  rorrootiJ 
-•'ho  a  p,.nl.lom  aiv  .1,,,.  to  one  or  more  of  the  followiug:       " 
.    I):fh,.nltv  of  inter|,r.-ti„»  the  lai.iniaj.-e  emploveTl  • 
-.    Kiior  in  the  iiieehaiiieal  Work: 
•5.    Faihire  to  reason  out  the  various  stops, 
rher..   is   a   vcrv   el<..s<.   n-Iatiun   iK-tw.vn    numlK>r    I    an-l 
luanber    .,.       Kverv    teaeher    has    „.„i,,d    „,e   d  >-..    relation 
iK-tween    irasonn.^    in    school    prohlnns    an.l    th-    lauiruaire 
-olseci       M,      Ro,.c.r,J  has  show,,  how  this  is  trno  aLZ 
more   advanee.l    n.athen.atie^.      "Th.   ahili.v    to   nnderstan.l 
s.-n  enees.  to  oonee.ve  elearly  the  n...aninf:  ofa  piven  problem, 
a.  .mp..rtant  an  elen.ent  in  its  .oh.tion  as  anv  connection 
>i  lu^  wui.  al,i.,i,rai,-  ^v„,l.ols  or  fh-ir  manipnlation  " 

hrrors  tr..q..cntl.v  aris,-  from  th..  faet  that  the  basic  num- 
her  relations  hav<.  not  been  siitticiontlv  habituated.     It  is  but 
jme  .nsta.ie..  of  the  «<.,d.H.t  of  rh.  school  n.a.xin..  ba.s^.l  on  the 
•  aw  of  hab.t  :    I  nt  to,ir..tl„.r  what  yo,i  wish  to  have  go  together 
'uMva.d   ,o<.d    .mpnls.s.     T„o  often   whe,.  once  a  definable 
eonnt.-tio.i   ha>  be.n   initiated,   for  example.   4  and  .'{  are  7 
ihe  oppori.in.ties  .iriven  the  .-hild  to  ns,.  this  are  not  .sufficient 
t..  m"ke  Hu.  eo.u.ee.ion   pern.anent.      K.-e.,i.,-nt  drills  should 
-  helpful    m    th.s  .-onmrtion.      The   whole  question    is  one 
iHroyly  „i    |,al„r    formation   and    teachers    would   do   wel'    to 
familiarize  ihemseKes  with  this  phase  of  psvehologA-     Where 
Theen-ois  are  the  roMilt  of  earcle-s  work  the  habit  of  oheckine 
f^nd  pi-oviiin  the  work  should  be  instituted.      In  fact    this  is 
iiM.-t   vahial.le  in  anv  ev.-nl  an.l   is  part  of  the  larp-r  habit 
ot    -ell-,-orre,-,.o„    de\. loped      in    the    lH>st    -chools.         F.-om 
«'rad(.  1.  pi.pib  may  be  taupht  f.  el.eek  their  work  an  1  where 
pos.'rible  apply  indepenrlent  proofs. 

railure  to  reason  may  W  the  re-iilt  of  indolence  on  the 
part  of  the  pupil.     F'npils  often  try  by  means  of  specific  words 


iV-ts  of  Matli»'m»tip;ii  Ability,'    ptr. 

93 


Til 
11 


I 


i 

^4' IT 
hi  ■    i 


>'^^s:!!!z !L::tn  'rr:  t''^^-^  -  -  p--- 

This  i«  c^.p,.c.aliv  ,r,,o    „    h    ^  'I'"   "'''"'^   '"  '•^"«^""- 

loft  to  .atlr  f.  .    h  Uv       fi  ''"■  r''"^  "1'^"^  P"'"-''  -■" 

^■'■«l.-ntlv  f„„        ;;  ,J,,!^77'-'--     This  ..,.,..|i,ion  i. 
clashes  nrednr   a  vnf'rr^'  "'''^'^  '''^^  ""■"^■-  '>f 

a.iv  toucher,  ho-.vcvor   if.h/.J.^r       .  ^''  ""'P'''  '•''I'"^' 

fnlly  with  ,Le  class  o;.Jrvnerr       ' "''"  "u""  "*  •''■^"""  "^^^ 

"Wn?.  in  a t,^v  a  I  ll       J.''"'""""'  ■*"'"■■  '^''"'io"""'- 
b»ok  ,5  ,te  ,«■  '      "^  -^  ""■'°'  "'  ""■  •""""  in  the 

(41  rtv  i'l'  '■""""i: ""'"  ""■•"  '"•»'«"»  '■■  "•"k  i-  i 

(*)    Ihoy  pstimato  the  answer- 

J5)   Thoy  w,.rk  ont  the  solution  on  paper; 

(h)    I  h«'.v  prove  their  results 


OS 


pet'iallv  that 


fl4 


cf  arithnu'iic.  I'robipni-iiuikiii^  and  prnhNm-solvinff  am 
foreign  to  nianv  schoflrt  uiid  yet  nothing  will  vitalizr  '^oh.-ol 
•'.ork  more.  T«'achora  who  have  not  bc-n  in  ihi-  hubif  of 
iHising  this  problem-making  attitude  will  U-  .-.iirpris.d  at  th« 
liability  of  their  pupiU  lo  fonnnlafc  a  problem  arising  t.ur 
of  a  simple  concrete  situation.  I  read  ,u:-  time  ago  a 
description  of  an  experiment  which  will  illustiHtc  how  u.iik 
pupils  arc  in  th-s  matter.'  The  invcstiuator  i..ok  l..)0o  .hii 
«lr.».  of  (Jnide-  111  to  VIII  <.nc  ai  a  time  into  a  loom  ami 
showed  each  a  tall.v  register  with  a  mimU-r  already  registered. 
The  pupil  wa.>»  asked  to  rei'ord  the  nnmlH'r  on  a  slip  of  paper, 
lie  wa.x  then  told  that  the  o|)erator  would  work  the  tallv  for 
a  minute  registering  additional  strokes.  A\  the  end  of  the 
iiiimite  the  pupil  was  to  look  at  the  register,  take  the  miml>er 
and  calculate  the  numl)er  of  additional  strokes.  The  per- 
centage of  children  who  put  the  larger  numl)er  above  the 
smaller,  already  on  the  paper,  and  subtracted,  was:  Third 
L'rade.  .'{o  :  fourth  grade.  (IS  ,  Hfth  grad.-.  .-)4  •.  sixth  irriidc.  47  : 
.  .^venth  grade.  97 :  eightii  grade.  98. 

We  see  a  beginning  in  the  formulation  of  problems  in 
the  case  of  pupils  in  Grade  I,  when  the  teacher  asks  for 
a  story  about  the  uumlx^r  7,  say.  but  this  is  seldom  carried 
on  through  the  grades  and  rfcognized  as  imjK>rtant.  This 
problem-making  on  the  part  of  the  pupils  is  but  a  particular 
case  of  large  areas  of  motivation,  purposeful  activities,  or 
th,  rojfct  method,  and  will  be  discussed  from  the  stand- 
point of  motivation,  somewhat  further,  under  that  title. 
Ihis  again  is  in  keeping  with  the  new  aim  of  sm-ializii.g 
nil  school    instruction. 

A  very  noticeable  weakness  with  school  children  is  their 
inability  at  analysis.  Inspectors  of  schools  continuallv 
I>«)int  this  out  to  me.  This  weakness  accounts  for  the 
failure  to  reason  out  a  problem  and  .solve  it  correctly,  and 
extends  into  the  high  school  as  we  know  from  actual  experi- 
ence. Each  yc^ar  in  the  work  in  arithmetic  with  our 
teachers-in-training  it  is  my  .custom  t  write  an  ,->rdinarv 
business  problem  on  the  board,  often  one  in  bank  di.sc^unt 
and  ask  the  students  to  oui'inc  the  situations    o  which  tlic 
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""■i.r.,00,1  .,„.i,  „  i„„i,i,,„  i«.f„„ "'„,T !.,  i    ,  •*  ""■;■'■ 

"V  .imilnr  „„M  t«r  v,..r.        Tl,'i.  .    '  ■     ■"'"  """'' 

■rh..rv  i.  „m Iff  •  "'.l""''l'-"'  i"i.T|.rot.li„>,. 

-;  ..n„„„„  ,„  «,„,  ...0,,,.  J  ;";r;?L:»ti::;:;;,r. .;•.,: 

1  '^  I'KMiK  ms  III  till-  rcinainiiiif  ltui  iw         \iin.;i      1 

i'lrr..,.  that    t\w   i.H.chani..u|   work    mI.....   I    1  .  ' 

« >th   ho  p ycM-xpandm^  oxiH-rion.-c  of  tli-  child  >n       mUI 

t-n.  iK^th  valuable  i„  th.  lowo':   "  ra^I  ''■""'""* "'^- 

A    prot««sf    should    U-    raisod    iiff.iiiwt    ti.      •     • 

......  teachers  ,ipo„  the  ....i;:;:.  u  e "  u'  rni;::"'^;;  1 

It  .oitainlv  lias  ^„e  to  the  extreme  when  ^Ide       N  , 

i;"in     ■«  eoniiH-lied  to  .olve  a  simple   intorU      .u^^ t  .       a 
l-wid  the  interest  on  $4.-.(»  for  4;iO  d-,vs  -.t   h  , 
^'umun,  in  the  following  wa.v:  '  ' "■  ''""•  P^"- 

Interest  on  $i(,o  fV.r  ;^("i.-,  Ha.vi.  is  $8 
••     $1U(^    •• 


$100 
$1 

ff!4.-.(i 


1  dav 

4;J0  (lays 

430  '• 

4;'.(»  •• 

96 


365 

430  X  $8 
365 " 

430  X  $8 
365X100 


4:.OX4.*50X$H 
365X100 
etc. 


This  hrinps  up  thf  larpr  «iiiOHtioii  of  tho  fonohrr  forcinjr 
bin  !..!nfion  npo,,  tlir  child  in  a.iy  .-vrnf.  ChiMnii  shoul.l 
In-  ciK-DiiriigtMl  in  thi-ir  cwn  Hulutiors  if  tbc-v  sh<»^  go.v| 
K^Hsoninj!:.  Til,.  ,Miiiit  iiin.v  !•  •  illiistrut.'U  hv  "hr  following 
soliiti.mx  ..f  th<'  proi.loiii:'  Fiinj  thr  .•o»f  of  "six  uran^os,  it* 
four  oraiip.-s  rtmt  fwrutv  cfutn.  Auv  our  of  tbc  solutio'^ 
fhoiild  Iw  accoptofj, 

(I  I    If  4  ornnprs  com  2<*  contn 

t   nranpc  will  cost  20  ornt8-:-4,  or  .S  ccn^^. 
«  orangos  will  cost   '>  ffUtsXO,  or  .'JU  oiius. 
(2  )   Sino«>  ilicro  are  4  orangc».  tht-  cost  is  (li\  i.M  cpiully 
into   4   parts,   thus   plaoinp   in   rarli   part    "i   <-.-nfs. 
When   th«'ro  an-   ♦!   oranges.   th<      ost    will   contain 
»i  partR,  which  will  require  .'»  cents Xti.  or  HO  cents. 
(■■J)    <t    oranf-i-    ('<|iiiil    4   oijiMycs    and    ]    uf    4    oraiiiicN. 
hence  cost   <.<|Uals   :.'(»  cents  and    .',   of  20  cents,  or 
30  cents. 

(4  )    I  ..ranp-  is  |  (»f  4  oranges,  therefore  cost  of  !  oraniie 
is  I  of  20  cents,  or  .1  cents. 

6  oranges  are  <i  times  1  orange,  therefore  the  cost 
is  (1  times  T>  cents  or  HO  cents. 

(5)  6  oranges  are  J  of  4  oranges,  therefore  the  cost  of  6 
oranges  is  J  of  20  cents,  or  ;iO  cents. 

"SPECIAL"   .METHODS. 

There  will  W  considered  here,  briefly,  some  of  the  special 
iiietho<Js  in  arithnntic  which  have  bad  more  or  less  popularitv. 
The  methofls  of  IVstalozzi.  Grub<-  and  their  fr.ljuwers  have 
i"! ready  Ix'cn  discn^^sed. 

We  often  bear  the  expression,  the  logical  methml.  and 
we  have  bad  occasion  to  remark  that  certain  steps  while 
logical  were  not  psychological.  I.ogical  refers  rather  to  the 
orderly  arrangement  of  the  adult  mind,  psychological  to  the 
workings  of  the  child  mind.  If  should  not  ]w  overlooked 
that  ultimately  the  goal  of  the  psychological   is  the  logical. 


'  From  tlir  f)nlario  Trachers'  Manual 


■i.^>^"i^'i^^^.;^ 


As  a  result  of  child  ^tiuh    til  ■        """'""•»«'  to^^-hiutr, 

••"'look  and  ex-porio^,^t  ;;""■■'" /"'''•^'  *"  ''"^  ^^'i''^''' 
•"  the  c.hil,l  ovem  X  ,;«:';  ""'"•'  ^'"'^  "-«»  ".oro 
'•J'il'l   must  Mv  hi.     vne,.,'  '  "'"•"""•^-  ^^ '•""••^('.  tho 

-•'-•^n,.n,if...,.:,,:;,,t  -;'  • -^^^ 

'  ^>r,  looking,  at  i,  fro    '  h  '"''!.'""•      '""  "^■'''»-  »'"^- 

--  -i,.,,,  p.w:;;i :; 7  .  "r  r  "^  ^•-^'vhon.ht  he 

"'■^     si,Hn!,aiu-u„s     nvafMi.nf  of     ,/       .   ^""'^  ''«''""«  are. 

Mo<ic.n,„.:;;;li  ,;  :::;t;uth"'7'--'',"  ^"  ^^«^-- 

-xamplo.  tho  in«istonohrr.      I,    "''■"'  '''■''••'''^^«'    fo'" 

-'^"t'0"«.      The    t  -aohor  th  ni     L'       '"\'''''  "^  ^'^''^^  ^"'"'"^  «^ 

-itahloono.  a  d    he<^i  d  :t?fi:  T"'^"'  ^'"  ^'"^  ^"'^  -'.^- 
Tho  ..,i,...i  "^  "'■'*  '■'^«*«nine  into  it 

-.0'  ri ;  ii:''':'''";-  '"-""t  '""■•■  '"■<  ""■■>  »'i™- 

»vo,-a ,  oTch    "  :!  "■"' ""'  "r''"-  "• '"  -«t«i. 

<-.'n.inn'„»,,,^„™,-,jJ,f'-;  ?"•"'   "":<>•"''  '■«»'  for  a  „,„ro 


-•-h  .ho  ,„i™i  0.  o„„;;„r'u",,,:,ir''  "^»""-"'-  --•■i-.i 

f,v.„  /ho";','.:, "'7,'";''  r  "•!  -'f:'''-  ">h„  lu..  ox .i, 

•SiH>«.rr  '-.SpptT-s  Arithmolios,"  " 
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«S?-j>'^iji^^fi«L  ^^^-^c-.t  v'?r 


IKSir  '-i4t  nu  lujnuii-'' 


1  tiiioubtofll.v  niimlKT  is  a  ratio.  .V^inst  dvinff  this  idea 
«arj.v  promnifiu'i.  is  the  historical  development  of  the  nee, 
:W.-o  p-yt-hoioirical  .•unsicleratioiis.  which  would  seem  to  bear 
<.nt  thp  contention  that  the  idea  is  too  abstract  for  the  voune 
child.  ''        ° 

Spcor  would  brinn;  this  idea  into  iuinicdiate  consciousncs? 
I'.v  a.:s  ..f  „H  iisurino-  u<inu'  solids,  etc.  .\II  throiifrh.  ineaMirin.i 
:s  used  in  a  narrow  sense.  He  does  not  recognize  countini; 
as  a  form  of  measuring'.  This  is  recognized,  however  bv 
such  writers  as  .McL<'llan  and  Dewey.  Bv  using  objective 
material  in  a  natural  and  constructive  wav,  the  child  pets 
ample  o|)portTinity  to  count  and  measure,  with  the  ratio  idea 
niipiioit  all  the  time,  but  not  forced  upon  him.  Finally, 
when  the  work  of  fractions  is  studied  the  ratio  idea  stands 
out  in  clear  light  and  the  pupil  has  grasped  the  tnie  essence 
of  number. 

These  are  the  most  important  special  methods  and 
teachers  will  probably  recognize  in  their  own  methods  traces 
of  them  all. 

It  has  been  suggested  that  the  one-to-one  correspondence 
of  higher  mathematics  finds  simple  application  in  teaching 
The  early  numerical  ideas.  Thus  to  the  group  :  :  there  -s 
the  name  -four"  and  tlie  svmbol  -4."  Teachers  who  h:ivc 
Jidopted  the  s'lggestion  find  it  very  helpful. 

Tl.MK   DEVOTKh  TO  .ARrTIOIETIC. 

When  teachers  .still  persist  in  devoting  from  ninetv  to 
one  hundred  and  five  or  more  minutes  a  dav,  and  the  besc 
part  of  the  day  at  that,  to  arithmetic,  in  a  time  when  the  erv 
i.s  going  up  of  a  crowd*  1  curriculum,  it  behoves  teacher-; 
eUher  to  justify  their  practice  or  make  a  radicnl  chamre. 
Ao  real  defence  is  ever  offered  for  this  apparent  time  was^e. 
That  the  majority  of  teachers  give  this  amount  of  time  to 
the  subject  was  acain  brought  to  my  attention  during  a  thrcf 
weeks'  special  inspection  of  some  30  rural  schools  this 
spring. 

When  teachers  are  (piestioned  for  reasons,  various  replies 
are  given.  Some  plead  the  importance  of  the  subject,  a.) 
great  that   they  make  it  the  sole  basis  for  promotion  verv 
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after  tl,o  te.,.h"    ha"  re.S  Ind  ™    'f""  "''^'  °'«  '^"•■ 

which   PoJCzi*^^'^:  ,„  i!  ■'  f'"  P'"'-'-  ">  ""■  inip^u, 
n-cS  dSipn^e      To  K  ""P""'"--  "-"I  i'»  value  « 

and  nothing  „a.  ciwd  ig'tTdrnti^n  'tT"  T  T" 
the  last  35  vears  or  «,  th,.  ..t      T  '  "  ""'•''  "'*'" 

pr«™i„enee  of  AriZetic     ^    '  '"  °'"  """"'""^'J  "" 

of  .he  eurriorfJXtLi;  rlv  ZriTd     , '^  ~"r"' 
matter  was  Icing  carried  over  fT^i  ""'*  "*='"» 

which  at  one  time  W,!  !.,„•.        ,    °"  ""''"  '""«•  "'alter 

c-onaiderattrnV  cd  cSlrfto  th*""'"""  "'r       *'°«'"'- 
vahic  of  arithmetic  wrS,'t.    ''■"''''"  ""f  ""=  '«''">' 

.actio    c;s;i^.r^;*^^^^^^^^^^ 
;«'  r- -  stSdTe'  ara^sr/ii-cS  °^lrc 

a  wijrrj;*"  in"""'"  ""•  r"'  '""  ">^'  ""Ws'S 
"""of  IS^n^l    r         '™''""'«  <te  arithmetic  lesson  in  and 

arithmeTic     .'he  fi  :        '  "<•»"«"?■"  '"  the  studv  „f  „,ere 

a..d  :di:rwi5Lt;c::f,t;L"t7.e:;'^ "-  't-^  •-- 

As   far   as   the    m„eh    advocated    utilitarian'  value    :, 
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concerned  we  found  that  it  was  much  over  stated.  As  far 
as  the  ordinary  person  is  eoneerned.  the  re-iiiircinents  a.-.. 
not  extensive  and  are  fairly  well  covered  in  the  followiii-.  • 
ii<-<'iiracy  and  rapidity  in  rhe  four  fiiudaiuental  rulo  eniLnh- 
mg  integers,  simple  an<l  vidgar  and  decimal  fractious- 
famihanty  with  a  few  tables  of  denominate  numbers" 
ability  to  work  easy  problems  in  interest  and  commerciaj 
discount;  the  simpler  phases  of  mensuration. 

Iie<-<.!:niziii-  the  limits  of  fornnil  discipline,  it  s(cm.  ii  ,- 
less  to  ,|nll  npnii  any  snl.je,-t  beyond  rhe  point  wh.-n  it  cea^.w 
to  furnish  ideas  useful  to  us  in  life  or  future  stud  v.  There 
should  be  tairly  posifiv,.  reasons  for  departure  from  th.^ 
suggestion. 

If  further  support  for  this  contention  is  necessarv  one 
need  only  turn  |,,  Dr.  |),.u,.y-.  a.ldiv^s  "Wa^te  in  E  Incatio,,.'' 
brom  the  standpoint  of  the  child  the  great  waste  in  the 
school  comes  from  his  inability  to  utilize  the  experi.-nces  lie 
gets  outside  in  any  complete  and  free  wav  within  the  scho.l 
while  on  the  otlu-r  hand,  he  is  unable  to  apolv  in  dailv  lif" 
what  he  is  learning  in  school.  When  he  enters  the  school 
he  hmis  an  entirely  new  world  and  the  work  of  the  school  t-.i 
often  attempts  to  prepare  for  a  life   that  never  is. 

In  this  connection  it  is  worth  while  to  refer  to  a  studv 
made  by  .Icssiip  an.l  ("otfman  on  the  "Kconomv  of  Time  in 
Arithmetic."      Data  were  secured  from  a  questionnaire  «'vt 
to  city   and   county   superintendents   in   the   Tnited    States 
Ihe   fpiestions   asked   covered    such   topic*   as,    elimination 
additional   emphasis,  time  devoted   to  drill,  distribution  of 
time  among  grad,>s,  etc.      The  summarv,  so  far  as  it  affects 
elimination  of  topics,  as  given  bv  the  authors  is:  "This  studv 
reveals  the  fact  that  there  is  an  overwhelminir  ten.lency  on 
fh.-  part  ot  half  the  siiporintendeiits  in  this  conntrv  in  favour 
of  either  eliminating  or  lessening  the  attention  to  be  given 
to  such  subjects  as  alligation,  cube   n.ot.   unreal   fractions 
progression  and  certain  obsolete  tai)Ies  such  as  foldin<r  paper" 
surveyors'   tables,   etc.      Again    it   reveals   an   overwhelminn' 
attitude  in  tavoiir  of  increased  emphasis  mi  such  fnnrlamental 
subjects     as     addition,     multiplication,     substraction     and 
division.       There  is  also  a  decidedly  strong  disposition  to 
favour  increased  emphasis  on  the  application  of  arithmetic 
to  the  social  and  economic  conditions  of  the  day,  such  as  tli<" 
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-hat  is -done  o„;s;;i''  V :,::;:: "'"' ''"'"""  ■■"  -hooi  a^ 

shoijld  ho  devoted  to  tho  s„l,jo..;       ""'  "'""''"'"  ^^''«^  ^""* 

''<•  ^'•' 'MiMuu.s  in  (;;,;,;  vV.  .'■'''''  ';'.""""^->"f''-a'i.- 

or  antl,nK.ti...      This  wonM^;' !;,.    ^^  j.,;"^^^  S''^'  '"" 

7anthn.ti..v.n.i..d:;^U:l:W0     "''-'"''"'-oted 
tln-eo^nuh.s  tu  over  .'?()()  in  '   i  ""","''''  '"  ^''^  R'-sf 

tn...  spent  i„  the  first  era,  e  t-     1  F''Tfc'-      ''''^"   '"-'■■«^' 

-  y."o  f.;,.  anrhn.o,i,.  in  (il  do' v";;;^';-  if:^  ^'-'^  '-d 
••"(-halt  .,t  rh,.  eifie.  ^uviu]  tl,;.  '  •  '"'  '"^«»^  that 
the  various  grades,  a„r;lh  f  .h'"'!;;;^  ^'"'^  7  '"--  •" 
^•han  (,...r  show,,  h,.n.)  sW.  ,, /'''""'"'  •^'-  ^«««-  Th. 
schools  srond  2.-.  nunntcs  or  Is.  '""^-''"■«'-^^''  -f  fh. 
1^  ifH-in   tho   h,Nt   grade;    75 
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.nirnuo.  or  loss  i„  (;,a,l.  !  I  ;  „>o  umuuo.  or  loss  i„  Gra.los 
111  and  l\  ;  l;{.,  niinntcs  ,>r  loss  in  (Jraflos  \'  an.l  VI- 
I;.0  mmntos  ..r  loss  in  (;,,„los  VII  an.l  VIII.  Ti.o  sanu' 
chart  shows  that  another  .,uartt.r  spcul  100  u.inutos  or  mor.- 
'»  t'lad..  I  ;!:>.,  niiuntos  or  nioro  in  (Jra,lo  II;  150  uiimit.s 
or  n...ro  in  Grade  HI;  JOO  niinntos  or  nu.re  in  Grades  IV 
\     1  ""^,^';"-        ft   will   U.  .sH-n   then   that   somr 

.choos  spond  relatuely  far  moro  tin.o  than  others  on 
Hrithuiotic  If  onc-quartor  of  the  cities  oan  pet  satisfactory 
•osults  with  an  expenditure  of  fron.  5  to  20  minutes  per  da  ■ 

the  acconiplishment  of  cities  which  spend  fro,..  20  to  40 
-mnutes  or  more  per  .lay  ,l.,rinj?  the  Hrst  to  fourth  grades 
■-gain.  ,t  .)ne-fourth  of  the  cities  are  able  to  «et  satisfactory 
icsults  .n  fron.  20  to  .30  n.inutes  per  .lay  or  less  in  th,  Hflh 
o  eighth  jrrados,  certainly  wo  have  caus..  to  question  th,- 
..eason  why  another  fourth  of  the  cities  s,,ond  fi-,',n  40  to  fiO 
inninf..s     ,.r   i„o,v   p.w   ,|ay     in    th.-s<-    jrra.los  jj, 

other  woi-ds,  from  these  investigations,  w,-  hav,-   n.'.   ..^ason 
o  expect  that  (-ity  A,   which  jrivr    twice  as  n,u,.h  tiine  a 

-'n    'V''i'"""'"  r"  ""'  '■"•''"'^^  ■■"  ^'"^  •"^"""-  proportion  •' 
Hi.,  hn.hnp  „t   D...  S,.,noi   in    HMS  .io   n.or,.  .lotinit.-. 
l)r   Stone  sti.dio,l  the  arithi.iotical  a.-hiovuionts  of  d.il.lren 
ni  the  Sixth  p-a.lo  ,n  2.i  sch.)ol  systems.     The  tests  on.hrace.l 
not  only  mochanx-al  work  l.ut  reasonino.  also.      His  statisti-s 
sh.nv  that  a  larjro  amomit  of  time  expendo.l  is  no  gua.-antec 
nf   a   h,o,h   stan.la.;.l   of  abilities.        Thoiv  is   p,■acr^.aliv   no 
elation  iH^tween  time  expenditure  ami  arithmetical  anilities 
"'^  i'l->  conolu'les  that  ability  to  han.lle  such  foun.latiouai 
work  as  IS  nroasnred   by  the  tests   in   this   studv,   has  not 
nocessarily  suffered  by  the  intr..,luction  of  other  subjects  and 
the  conserinent  reduction  of  its  tin.o  all.,t,nont.        11..  also 
hn^ls   that    the    influence    of   home    is    not    .•os„onsil,le    for 
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arithmetic  at  present  comes  in  the  dail 

'universal    p,-actice    is    to   assign    it    the'  place  "bei ween    fl 
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■  >p<'uiu}r  of  ,s,.hool  «n,|   first   roc-ss        Of   . 

coiitinucc  lifter  iccoss  «.,.!  ,.J!i-  """"'*''  ''  's  often 

"'"  '"-t  ,.la...  ;,.,  tho    imc  tal?"  "'•'^'"""^i"  «h""M  have 

"""•"'"^■.  ■l<-linin«',  '1    .     '       "!'".'  '""'  "■"  '•■'•'"'•l<  in  tic 

^''-'^'' -inlLl     ,,:^^:    •        '•■•';l'-"t'-'.  l>"ti.  low^ 

f'x-vo.  tlio  iioxt  St,...  U-.    7  '  ■'"'■'"-'  "■"'•''•'''  "I"'n  tlii. 

<'"•    -''i-fs.     V.     '  h;^    " ;"«T>n,n..  tlu.  rolativ,.   ',,1,,.  or 

;;'..->n  H.  .,ai,v  p,.o  ™:     ;^^^^^^^^ 

tJif  fmshcst.  "  "^ ""''"'"'"•('  sii|)|,osedlv 

;^To.i.nontaI  inv,.ti,ation-o    In    \-;;':'3':,  -"-•'-al^Io 

""•""-  mumiinifv.3     TWn.Iikw.V     '  7  ?  ""''.'^''^''f  •«  bv  no 

rnacio  worth  w'.ilo  -,        n  "'^''"  •^'•""■^'"  ^''a^  '>'  ir 

'"vesii^ationa.       If  ThomdiknV       \  ''"'"   ^'■•'"'  "f''<''- 


MOTIVATIOX. 


-ntro  of  tlu.  clnoatho  O0.SS  P  IT^^  ""^1  "-^'«'  -  the 
-1  a  host  of  othors,  lu^v^lph!  l',;  ?«^^^''  ^-.^v 
rhis  trnnvin^  realization  of  tin  ;l  L  ^""'^  ''octriju.. 
•as  I>oon  at  tho  hotton  o  n  ost  of  hoTl'T  "/  ^'''''^h^o^ 
last  hnn.Iro.!  vear.,.  Xo  lon^t  s  he  I"?  ''^'''"''  «^  ^he 
>">n,atnrea.lnlt.      Tlis  ehihlho;.!  ira  n't'',      '"''f!'''"'  "'^  '' 

'ixfss.uvaiKl  nnportaiit 

'Bagley:  "Class  Room  ManaEemPMf',,.      ..t^.  ' 

'Oerman    ..syeholo,<isfs    ran  inhr  v      '''"  T^^'^'ativo  Process  " 
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period  of  human  lit(^       Tl.o  n.oro  fully  it  is  realize.l  th. 
better  adult  will  the  child  become. 

Within  this  larpcr  (|ucstion  is  iK)uud  np  the  question  of 
relating  the  contoit  of  the  cMiriioulu.n  m  the  chiid's  need. 
an<i  .■X|>oncnce.s.  Is  the  school  wcrk  ,.f  real  siffuiHca  h-o  ,., 
the  child  ^  In  to..  M.any  .-ases  it  is  nut.  resulting  in 
lEdiHercnce  of  many  .-hiMien  toward  school  an.l  in  iiiauN 
cases  positive  hatred.  We  are  he,oi„„i„„.  ,„  ^..li^,.  ,„„,,. 
than  ever  that  it  is  not  Jways  economic  pivssiuv  that  .IrinM 
the  l>oy  out  of  school,  hut  Cj-.ilure  to  enlist  th<«  interesf^  and 
energies  of  pupils  in  the  work  of  the  scho-.j.  And  even  while 
we  nia.y  compel  physical  attendance  it  does  not  follow  that 
the  child  is  present  mentally. 

Professor  Snzzall..'   says:   -By  good   teaching  is   meant 
piovKioM  ot   scImh.I   ..xiMiini.-,.  wherein   the  child   is  whole- 
heartedly active  in  acquiring  the  ideas  and  skill  needed  to 
'U'u\    with    the    prohlems     uf   his     expanding    life, 
invents  must  happen  to  him.  in  a  wav  to  bring  a  full  and' 
i.-itercMcd   response.      .     .     /■     Schools  too  often  go  on  th.. 
asBumption  that  the  accumulated  learning  of  adults  is  the 
proper  material  for  the  child.      U  he  takes  to  it  kindlv    aP 
well  and  good,  if  not,  his  future  welfare  demands  that' it  b- 
forced  upon  him.     The  child  is  not  opposed  to  learning  bur 
iie    learns,    as  does   the   adult,    through   dealing   with    real 
Miuanons.      ".     .     .     So    also    in    the    cultivation    of    the 
iliinkn.i:-   power   of   the  child    if    i.   nmiv   important   at    the 
K^gnining    that    he    actually    thinks,    actually    deals    with 
smiatioiis.     which    are    consciously    ,,roi>lematic.-'    than     he 
shoidd  think  in  the  most  finished  form."     In  the  case   jf 
children  these  situations  are  child   situations.        Rousseau 
crying  against  the  haste  of  the  schools  to  turn  children  into 
grown-ups,  exclaim-,  '  Do  not  save  time,  but  lose  it.     If  the 
infant  sprang  at  one  bound  from  its  mother's  breast  to  the 
age  of  reason,  the  present  education  would  be  quite  suitable 
....     Mature  would  have  children  be  children    before 
they  are  men.        ]{  we  try  to   invert   this  order   we   shall 
produce  a  ton-.-d   fruit,  immature  an.l  flavorless  fruit  that 

rots  before  it  can  ripen Childhood  has  its  own 

ways  of  thinking,  seeing  and  feeling." 


■Stmallo  in  Introduction  to  Dewey:  "'nterest  and  Effort.' 
'Miller:  'Psyohology  of  Thinking  " 
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•leveloprnent  that  has  vJsXdLu  '  "^  "'°^°  o^' 

of  school  work.  '-Tha  a  ik  ^  ^^''"  "^^^  motivation 
to  make  its  task  si^ifi  ^TaJj'P"" -''-'  -ork  which  sTs 
relating  it  to  his  c-hil,  iX  "'1?^  "^^"^  '^  ^'«^^'  ^''"'d,  bv 
and.  dosiroa    is   c-allod      ;S:;""\?"-Vr'  "••«^'^"» 

i-atisfies  some  nml  ho  fools  m, IT  "•'''  '"  '"'  "'J'^novor  it 
supplies  some  control  ho'  wi  1  o  ^  r'""  ^■"'"'^  '""  ^^ants. 
desired  cud,  or  helps  hi,.,  to  a  aTn  n  '"T'"  ''''''''''  •"•"'•• 
thjs  Koal  may  bo  ioar  .  r  ^omo^o  -^  ^'^"'^'^  '^""'•"  •^"•' 
-'"•"Is  ..00,1.  ., Hi   wh;.r;.  .rr^^  •      -,    •      •      What  th- 

c-hango  i,.  tho  i«,.or  .spi.-it     f    h    Ih   7''^\''''''*^"''""-  ''^  " 
recognizo  tho  child  as   1  o  .ontro    f   h      \"  ^?""'^^'  ^''«*  ■'»'"" 

effo^tj;:S::j-\;;;;r;::;^';:^ 

''Kl'f  -Ml  .-ola,,-.,,  ■  I>,...t-o!"        ?«     Vr  ^''^■«''  in  tuoi,.  t.-,,.. 
eeption  of  interosf  •!«  tU.,  "<"<'.v-  i.as  jr,von  a  tnio  oon- 

through  actir:?  ;t  ir;;;r:r "';  ■'  ^'^  '^''-ifi.-;o;, 

f'^tweon  tho  .lootrino  y  iC;;  ^,^;  ;k^  .  '^^"-  '-"«■■'•' 

n'.ve.      Dowoy  shows  that    Wo.  "■  "'  "^''''  '«  «ti!i 

-a.y  appear  they  are  tvoZ  ."'h'"";'"  ''''  '"-^'""-^^ 
assumption,  namdv,  that  the  oh,  .  m  ""  ^  '*""'"i''» 
measured  is  quite  extern  to  self  '"o'n  t'  ^"  ^"'^  *"  f>" 
advocates  of  interest  say  wo  ,nust  «»?  f  f  «"">ption  tho 
««  many  pleasant  features  as  nnlw"""''  '^'  "^^^^^^  ^^'th 
the  opponents  say  onirr. slower ^t~'''^r"^^  '"' •'  ^^^il. 
secure  the  desired  end        Tho     rn    "'  "^  '^'^  ^'""  ^>" 

^^^--ti^ationis^-eSS 


'&^^^Sl^nd^^^!-''^«choo.Wo.c.'- 


]<:(; 


dcr.ces   IS  -occssaiv         The  cinreut   idia  of  effort   wouM 
suggptt  a  separation   l)otween  the  self  and  the  fact  to  he 
uiastercd,   resulting   in   divided   activities   which    would    U* 
f«Ul    to    growth    nnd    realization    of    self.        "Ilowgoevc- 
winning   the   work   or    recitation,    at   times    in    his    private 
preparation  the  tid.'  o--  the  pupil's  interest  will  bo  on  the 
«l>l>.      Ill  rhiir  hour  „(  nial  ..niv  a  vigoroim  will    caiml.l-  of 
piirsmnp    the    uninfercsf.ng    rhough    important    task,    will 
prevent    the    pu|.il    funn    lH>ing    beached    on    the    shore    ot 
inactivity  and  idleness.      KfTort  is  the  strain  consciousne^- 
I  "'■*  ""    "-'•■♦    'I'     p<Tt'..riniiio;    iimittructiv.'     w.rk.        ft    is 
voJuntnrv  arrention  to  th.-  uninteresting.      It  is  the  will  t(. 
<""  "I'cs  iliiiv  whrti  ,„ir  ,|,,..sn't   want  to.     .     .      "1       |;„t 
ra  her  does  ctrort  arise  in  the  attempt  to  ailow  full  develop 
ii"iit  to  .-..iiam  powers  within  tlir  rl.ijd  whi.-h  are  ..v.-r  readv 

.'"'■  '■;^l"''^^i""-      l><'«-.v  says:  ".\d uflv  to  aet  upon  the«'e 

niipulses  ,„vo|v,.s  s,.rioi.sn,.s.s,  absorption,  detiniteness  „^- 
j"n|.ose:  M  iv-nits  in  furn.afio,,  of  >iea.line>s  and  persi.tenr. 
luilMf  M.  tl...  MTvi,-,.  of  worthy  ...i.U.  "And  tl,i>  .tfort  I- 
permeated  by  interest  U-,.ause  the  self  is  concerned  thro'.gb- 
o,,t.  I,  ean  nev.M'  ueg,..!,.rate  into  dn.duerv  or  mere  .train 
of      dead    hit.  Th,.   eon8e(p,ene,.    is   no't    a    division    of 

activities  but  a  unified  activity. 

Tho_  old  phra.se,  -.Making  thin-s  interestin- -  n-dlv 
means  tnen  that  we  must  select  and  pre.sent  inatenTu  nlaMve 
to  the  child  s  ,,re,senr  experience,  powers  and  needs,  and  in 
such  a  way  that  Us  relationship  to  what  is  alreadv  significant 
to  him  ,9  fully  appreciated.  Subject  matter  is  not  firsr 
selected  and  then  made  interesting.  This  results  in  artificial 
devices  being  employed  to  compel  attention.  Hut  where 
the  intrinsic  -elationship  is  made,  attention  flows  naturallv 

J  rue  effort  results  when  the  end  or  purpose  of  on(*'s 
nctivities  IS  perfectly  dear  and  his  en.-rgv  is  directed  into 
reflective  ,,ud,,nent  rntlH.r  than  into  a  blind  thoughtless 
struggle.  I  here    ..an    1:,.    no    antaironism     between    thes. 

agencies  of  mental  .lovelonment.  \Vh..n  rbe  end  is  not  direcr 
«'ut  renioto  nianv  a.I.Iitiona!  .lifficjties  ari-c  and  tl„. 
accompanying  activitv  is  long,.,-  i„  reali/ation  of  this  cml' 
requiring  more  tboiight  and  a  ^'renter  n...,!  f,,r  <>ffoit       Fffort 
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'Homo-   "Pf.ilcMophyof  Ediiratif.n,"  p    I'M, 
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;;*r:r,:^ :-:;---  ■'■"f-x^ 

High,  moral  ».HM,dr£;  ,V  t!\r  '«•, '' happilv  .olv«l. 
Fair.     .\-o,™      £,,!,;         '-""■  "'  "■''  ''  ""■  S'ko"! 

blowing  f,.s,  0°;  o;?,:„;r;:,":i:„  :ii:'r,;."  -r 

<h.-e  .o„r.e,,  bo  f„„c<l  .,„,  ..n,,,,,™;',^';,,,  '"  ■■"  ""  "««' 
>n««y  real  problem,  ,„  be  w„rke,l  om  in  ,.1.1      T^  T'"'' 

'  ^«*ey:  "Interest  and  Effort,"  p.  80. 
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II  ill 
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child 

revrnfh  jriiid*-  class  if  tlu>v  hud 


iistrato  the  |K>int.'      \  ccrtHin 


I  WHS  Mipplicd  with  a  -tan.||.i|.r  arniiiid  whi.li  tl 
rrn    .dtrn   pathon-d.     On,-   .lav    t!a-    U-achr,-   ask.-d '"tb 


H     scJuiOl 


I'l  ever  woiidrn-i 


If  unvthinp 


«bat  iMThfl])*  M.nic  <-al(M..lHfi()n  could  solve.     Some-  of  thi'  rl 


faid  thf>v  had  off 


the  ffnndiiipf.  1)in  did 


•'11  wondiM-cd  how  iiincl.  wafor  fh 


a»i« 
err  was  in 


probUin  then  I 


iif't  M'c  how  thnv  ci.iild  find  out.     Tl 


>f<-ani('  thf  subjcft  of  much  invest 


iifl 


after  >overal   davs  certain   piipil 


>ol(iti 


ipation  and 
,  .  ,      ,        ,  .    .        f'""""   with  a   method   of 

ion  which  thf.v  had  discovrred  for  themselve*  hv  em- 
rlov.npa  round  stick  of  wood  split  into  n.anv  pieces  nnd  piled 
so  as  to  fit  like  wcdgts.  ' 

While  donbrles..  thonghrfnl  fiachers  hav-  ,.lwavs  given 
meaning  and  dcfinitoness  to  their  work  alonp  ,he  lines  in- 
<,.cafe.|.  y,.f  the  idea  of  Motivation  ha<  n.,,  caught  snfHcientlv 
lo  bo  he  n.le  rath.-r  than  the  exeeption.  It  was  In^hind  such 
K.-.ho.ds  as  the  |).wev  ,.('hica;;o.  |,  i,  the  dominant  note  in 
M.ch  .Mh..ol..  ,  M,,.  J, .I,,,.,.,-.  „,■  ,.-,i,|.opc.  Professor 
Meriam.«  '  the  I-rancis  I'arker  School,  the  ,.|ementarv  schools 
connected  wirh  I  cacheiv  Colleoe.  Colninbia  Iniver.Mtv  and 
wc  hope  inanv  (,thers.  Fn,,.,  the^e  an  inlhtnnco  is  ;iowIv 
rafliufiiitr  in  ever  incicasina  circles 


RELATION'  OK  ARITII.M  KTIC  TO  GKOMFTRV  VXI) 

A!L(iKI!KA 

This  secrivm  n.ti.st  neces.^arilv  be  ciirtailod.  otherwise  the 
diRCPHon  nuiy  easily  develop  i„ro  th.-  .piestion  of  secondarv 
«-hor:  tnathemat.es.  which  is  a  bip  field  in  itself,  and  is  not 
»n(ende.|  to  be  entered  upon  in  this  thesis 

If.  Chapter  II.  ,,„  Aims  and  Values,"  we  purposelv  em- 
ployed at  times  the  broader  term    •mathematics"  so  that  the 
ralncs  <,f  geometry  and  algebra  uvoA  not   \^  re,.eated  here 
Writers  upon  the  subject  of  mathematics  have  maintained 
that  each  of  the  branches  of  mathematics  is  characterized  bv 


1 


'Scott:  "Social  Education,"  p.  loo 
»Dcwcy:  "Schools  of  Tomorrow."  ' 


IJII 

i 


'I  -  '  L 


JhN  «r.JI  ,.o,  M.rpriN.  the  reader  when  he  reeill,  the  l/iVi 
".««,.!  work  proving  ,he  ..„,plexirv  I  f  .ri7h,^;  i  «uXr" 
referr..!  to  c.«rher.      .V|«.t  .urhoritien  a^roe T/  h  t  S' 

rBc«   was.   urjthm'>tK-.   ifoomerrv.   aljrehni       Kvifl«,./.l   :. 

.t  ,.,„   i,  ■,7;::;^;„"."-  -i"";™:"-  have  .h.„.„  ,h.. 

•■'■';;.. ri,;;  ;:.;;::::,;::?•  :ir,t;,;:/i.i .^  u^ 

.urn... ,    „„, i ,,..„ .,. „»;.-., f;,;:,.j^--;  ■•  -- 

"'■I- «".'k » .T  a:'„;,  ;;;?,r:;,r,;r''''T 

..proof  ,l„„-  ,h,.  K„v,„i.„:.  ,„„„  h.vrb^;„.ri    ,„    "'','k 

1  he  ,.r?f  (leiuiit,.  record  we  have  of  alm'l.r*.  1.  ,Kn  f 

Th. «.,  .„„,i:„  ;;::';;:,^;:"-H';r;;T;"'';ro;r!™s 

...I    I,.,,..,,,    ^_..     „,      I,.   ,.„.  W,l,.„   Age  „f  o,^ 


JtUSK.       Infimhirtion  to  Piirtnrim^.  .   !  r-j 
•Ahnies.  ''•^P^nmeiital  Eduention  " 


such  AS. 


no 


..     I>u.,.l.«ni.,.  .'.;.   A.a.   wa.  h„v  H»fn..,.t   n.a.l..   ,.,  |,«yo 
iilgi'hru  .tai..l   »,M,n   iu  own  leg..      Uivr  fh.-    1 1  ,,,.1.1.  ithv* 
alnion  .xduiivo  attention  to  algebra.      It    i,   ,„•   ,„«r^    ,haii 
Instoru-  .nt..r..M  to  note  tliat  th.,  n.  u  ari.l.M.eti...  ,u  rovulmion- 
ized  l.y   ll.ndn  .n.tneration.  and  algebra,   made  pm-ticallv 
.•oncmrent  appeuranc. ..  into  modern  K,,,-.,,.,..      H.,,1,  seienc-,.; 
I'owever.  took  second  plare  in  inip..rtanre  and  .litRoultv    in 
■  he  nn.ver.s.t,e8.  to  K.-on,etrv.  which  nn-ani  that  lK>th  nhoM 
Ik.  taught  prior  to  geometrv.  although  thi.-  order  for  alKehra 
i.nd  Koonu-trv  do.--  not  represent  true  int.lle..i,n,|   -e.n.en.v 
(  "t.i  late  years  on  this  continent,  the  Keneral  plan  ha^ 
i.een  to  Inn.t  the  eight  grades  of  the  public  mduK,]  to  xvork  in 
arithmetie  (inelnding  mensuration),  and  leave  geometrv  and 
algebra  to  the  high  M-hool.      It  was  ...stomarv  too.  ,o'  h«v. 
an  additional  year  or  tuo  on  arithmetic  in  th..  high  m-IiooI 
'.«■   well.      Ihe   (ommittee   of    Kif,,,.,.   proposed   eutiino   olT 
^'";'"1";"<'  "•  the   end  of  (inule  VI  an.l  .[evoting  the  J.uth 
■^ntl  eisl..  .  grades  to  algehn.  with  five  p..iiod.  a  u-eek       Thi 
M,.gest,o„  was  not  ondm.l  ui,h  the  m-mbors  „{  ,1,..  eommM- 

«heie   both  algebra   ami   o,.,.,„„,iy    reeoive.l   attention   much 
.arher  than  her..       Ir  i-  noteworthy  that  the  Committee  ,.>ok 
I'o  ti.Mible  to  dehne  th..  eonr.e  i„  algc.bra  otherwise  ,han  the 
rreva.lu.o.  .onr.se  in  tl...  eariy  elas>e,  of  rhe  high  .-ho..! 

lb..  umisHon  ,,t  th,>  verv  point  v:,i.r,\  bv  th-  C.mmiftee 

.algebra  into  the  elementary  .ch.x.U.  The  attempts  sin.plv 
-nount.d  to  transferring  back  into  the  grades,  the  class' of 
uork  formerly  .lone  in  ihe  early  years  of  tho  bid.  .ebo„l 
Nils  f..rm  ..f  algebra  laeke.l  e(-ntact  with  the  pupils,  was  too 
aK-traet.  ami  bore  littl..  relation  to  ari.hmetie.  Vater  a  real 
.ffort   was  mad.,  to  .-..rrc  laf  th-  two.  ,be  v,l,ui.m  ,>f  ari.h- 

transition.      This  ,|hI  nor  mean.  ......e.s.rily.  the  imro.lu,..t„ 

•f  any  text  in  alffobra.  though  of  late  v.ars  improve.l  text, 
have  made  the.r  appearance  and  been  adopted,  espociallvin 
ihe  eighth  grade. 

We  have  never  taken  to  the  idea  of  intro-hu-ing  demon- 
stratn^  geometry  below  the  high  .ehou].  Manv  >vs.:.n«  have 
met  the  demand  for  geometrical  teaching  hy  an  extens'In 
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* 


w^r^iuMi^'MJ^zs^^sssm'TtTi^wm 


"Ml,.,  pnniarv  ..nul,.s        )        '^""''''•^"••t.-n  .,.,1  ..n.pha.simi 

wvvn-.  in  th..;  !„•;:;  ;•.  ,,''"■'■  -,•:««"; ;^>^  i.Mprov.,.i<.„t. 

to  a  <.|o.sor  connect  cm    0';  V  ""•  '  '"  ""'^  "•'••'"^'^'  '""kiH^' 

«ch<x,J  chi.Mron  application  with  ,ho  inicr.sts  of 

''''•••'•'■''f-v|''M-inH.nta      .     r  T   •'""T  ^''""•'''   ''"  ""•^'<' 

"f 'nati„.M.ati,.a      lili      ',,^^'r"   "'"^'^'"'«[i-.   the  .-haractcr 

'■al    rhini<in..    ,     '        (m,         '''""'^'^!''^ '"^•'•'^<'<l  i>'  .i,athc.,nati- 
f-'    '"•        Millie     iiiiiii-    111.-,...*; i; 


JriJi.lc.  little  .•i..,!  .iMint        1-  '"""•'.'    "'^■f'«t'fi''t'ons    have    l>een 

-«th«'m.ti..d  anW  other  al,ii/^;r'';'   ':r'''^'""    '-^--n 
«^"W;cstive.  however.  "    '^'"^"'^^  '"''■  ""   very 

--nn;;;:;;:;Cu;::i  :;,;:;!;'''•  t^""-"  i--  ^--'-.i  ,o 

•'t''-  ahiliries.  i    U  ;   ,'       n v  ""■'•'^^-"  '-^-<-"  it  and 

-'I'^'t^'-i.ufhi.h:::;;;:;;  L;;:;;r^^^^^ 

frracirs  of  the  ,,ul,lie  school       r     f     ,  "'  '"  '''^  '^"'"'* 

Mooto  sh>.htlv  from  the       rio,.-     •'?  '  '  ""^^""'^  "'^^'"'^  ^J''*"' 
l'«.rpose  i.  ,;,  nnke  .n  '  "Jfn.lnctory  chapter,     -[ts 

i'U  school  „,£.:,'':•■? "'  ■'"  ■'•'^•''■^'^^  '-•^•i-'  •' 

'«-  ^'the,.  tonus  of  ml  ;  ,;t\'  ^he-'.-nnoction  with  cer- 
to  discover  dynan.ie  and  o  InS.;  Jr;"'"''  " '  "^  "  '"'-"'^"^ 
"•a'H-al  al.ililies  rather  tl  an  t '  li  '"'  '•'■^"■'■^■"  ""'f'"- 

•"afics  f,..„,  fi,,  ;,,,'.'";  ^^""-  1^"-  ^^''^'  think  in  mathc- 
^'>f^.     .     .      ."1    "'"'"'''""f  ^'^  '-"'•'•'vtic  or  sfrnctnral  j,,vcho- 

;jat  ,^:.ri:;::.-s;^-Jfr::^i;v-^  department, 


'  RoRors 
Valiie  ' 


'■-.s   of   Matho„,ati.,l   AHHty  "and  TJ^eir   Progno^ti^ 
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.  i  (•?«  it  pro,lnc-e>  ri^wlrs  ,ha,  .-an  I„.  n.oasnred  quantitatively 
■md  by  te.ts  not  ot  his  ovn>  making,;  an.l  no  longer  is  the 
P'.p.l  s  pcM-fonnancc  loft  to  the  .ingle  jndg.nent  of  his  teacher, 
orhap.  the  hoayu.-t  ..ore  against  the  traditional  exan.in- 
.ition  .system,  h  the  inaecnraey  of  the  teachers"  marks.  Anv- 
'»u>  uho  has  had  to  do  with  reading  of  -departmental"  ex- 

"r.".":;'"r  'r  ^^'""^^^  '•'''-  "^  ^^-'-  -timat..  i 

.  n  uei»,  even  v.here  the  greatest  care  ha.  been  taken  to  ..oach 
t  3.-  ...xaMnnrrs  lonku.o  tnwanis  unitonnitv.     |-„I,.ss  th,.  very 
.■loses    supervision  is  n.aintained.  many  p„p,ls  will  pass  who 
>houM  nor  a„.l  n.any  will  fail  of  pro.no.ilm  who  are  n.i.e  d 
^ryn.^.       1  he  s„  ,,<...  ..f  .mreliahility  of  teaeher^"  n.     ks  il 

t       t      ';■'""■      '""'V""''\^"'  '-'-"•<-  -f  Pnpil^-  abilities. 
'^'.'"'''  <'^';';^'   <MveM,.at,un   by   Sta.vh   and    Kill.,,,     r<  . 

;;:!'''^'-''''''''^;-''--^''''-'^--'',a.l..i,.,,..,ingm;the- 

ll<>  pe.>on>  to  mark  on   the  basis  of  lOO.     Fortv-seven  of 
hese    po,...ns    would    pass    the    .-andidate.    whil.  'siM  "i^; 

e         •!   "?te     "tI  •'"'M'"/;'"'''   '''^  '"^e-  above   00;  on; 
1,     ,      '  "■  '''"   •""^"■^t^-    f»'"    nnreliabilitv    of 

^eduTs  ,n  ,h.  numer  of  n.arking  p„pil.'  ,vork.      All  iuve.ti 
ga   ons  bear  out  the  conclusion  that  .he  eandidaf  wo  it 

^^  I   to  select   h,s  own  exannner.      ii.u   ,.v,.„    hen-    there 
«   .linger,    for  teaclu.s  a,v    not   always   ,.>nsis,on, 

restr'n^s.!-",'"'^'^  ;'"'  '^''•"7-  '■'  ''»••  -•tter  of  standard 
U.,ts       I„  isi),   h,.  rath(.r  startled  the  school  world  with  hi, 

ad  .    uother  ..x,..rnnenf  with  .;.().„,  .,hool  children,  thi-    ime 
n  an  h,     „,     s„.ce  then  progress  in  the  Held  of  stand     d 

<acn   uai    .>ee>  some   improvement    in    this    important    Ij.!,? 

Many  are  strongly  pre.jmliced  against  -uch  sea  es  ,,!  tji 
.•loselv  wedded  to  the  old  exan.ination  tests.     Othe  s  ^2 

.ave  be..„  earr.ed  away  by  their  „ov,.]tv  but  do  not  t  ,S 
>he,r  st,^„hcan,.e.      These  do  the  cause  no  good     ''''"'^'"'^ 

»  p.-opos,ng  to  ...nplov  a  te.-t  one  must  know  what  he  is 
.ihoui  to  measiii,.    mst  „■,.,.   ;..  ,i ,.  .  «'  "i-  i» 


.pist  what  is  il 


e  oiiicomc  of  iii-tructi 


on  m 


'  Forinstance,  Carter:  ■■KlenH.n,aryS,.ho..l  IVaohor,"  Xov..u.her,  ,91 1" 

11. *5 


it 


the  lMam-hol>t.Klvnn.ltM.  consideration       [«  «  m.       •     ^ 
^re  several  .lenirahlo  imM..<iia  e  o  ,T       AVr  ^"  u'"i  '^''■' 

.nental  opomum.  and  abil    il^  in  ^'"'  *"  '^*^  ^""'^^ 

whi<.h  standard  "esLhav.  '"  ^'^on.ng  are  the  ones  fu. 

we  fo„n<!     i      /oln     '    T    . -"r' -' ^^^'f'"'*'^'-     Arithrneti. 

^Miitie. :;  ihc^r^^ero;  :;;;;:i;^:ii'  '^'"^  ^^  ^^-^ 

'l-P^ndent,  sonu^  a'b,,olmtlv  ho        \     V        T'  "''  ''^'^  '"' 
ro,nire  an  c.x.,ninario„  "  ' e  vrv', v,..    ,  "f  r'''    "'^"^^' 

liini   mo^t   was   thr.   u-i,l-.  \-...  ■   ,■  "^"•,  "  "''f  ""Prcs5ed 

.h..  .v.,.i„,.  ,,,,;i;':,:;,  x;:",„;."f  :;',:;:■;;•*  r--? 

merit  for  such  iH.rfor.n..„,.,>     r  '  ^'"'  ^'■^^'"  o*^ 

^bo  order  of  .jnit'^j;:  '''';,n 

oorrolations   of   n-a.-oni..^   wiV,  7l  "       ""''   '^^'  '^" 

i"  CHS,,  of  adliri    .;""•'  T"^  ^'"•^"  ''^"'  ^^^''«'^>«">- 
was  ti„.  Ind. .  ■    ,•,;•','  1     "•''"•'"•f"'"  ""^  ^•oeffioiem 

^H.t  divi.^^LJ:i  S^Ssr:::;ei:;;L;r''Vhr^7; 

irioaiis  fliar  division  i«  ,nnM;i  *^""  "<in<)ii.      i  his   would 

f  ■'■';• ;Hi.;  ;'■  ;::;::::t:;;Tf''';si;;  ''r",;j'  't 

Jimdaiiientals.  •">nu^     in    the    other 

^p-«.,,.i..v.  ,,,,,; '^\ ;■'''': -'^^^^ 

-l^s^t^;;^^ 

".an    ^i^toJr    '"  r-  ^""'•^'^-      "'^  -l-n".onfs  verifie.l 
man^  of  htono  s  ooneh.sions  and  had  the  advantage  of  cover 


Kood  .i;s^ip;ii;!i^r';:/';^s:r' .'!:'■'■"•"  '''^•'■""^--  '!>'«•  «i 


gives  a 
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.««  «]1  rho  school  grade,  wherea.  thoH"  of  Stono  applied  to 
<^rade  M  only.     (  ou-fis  fo„„.|  ,1,,  ,a..,..  c-on.pl.xitv  of  abili- 

*Jae.es  po  „p  the  grades  they  do  not  advance  unifornilv  l,„t 
show  great  d.rterenoes  in  rate  and  qnaiity  of  irnproven.ent. 
I  be  test,  as  ftnally  evolved  by  Oonrtis  assist  the  teacher  to 

<^rn,.are  the  efhc.eney  of  individuals  and  classes  with  estal,- 

iisned  norms. 

The  Conrtis  Tests  in  the  .simple  operations  consist  of  four 
tc^ts.  .4  .jMest.o.y  in  each,  the  examples  of  each  te  t  i.ein.r 
^pprox.nuuely  of  the  san.e  difficulty.  The  times  allowed 
-.^re  s.  4.  (,  and  ^  :■  mutes  respectively.  The  directions  given 
»h''  p..p.ls  are  a>  .ollows:  Vou  will  be  given  8  minutes  to 
ftn.l   the  answers  to  as  ,„any  ..f  ,he-e  addition  e.xan.ples  as 

;;:;       ;•      ^^ '•"•■"'"  «'I'^"-'-'--  '■"   tln^  paper  dlrecth-  under- 
m.Mn  ,he  examples.      ^  on  ar,.  not  exj.ected  to  do  t'hem  all 
^<M.  u-,11  I„.  n.arked  for  both  sp-.-d  and  ac^-uracv.  but  it  is 
more  nuportant  to  have  your  answers  rigb,  than  to  trv  a  srreat 
many  examples.  .       fi'<-  i 


Following  are  samp 

Ics  from  the 

various  fe-ts 

Addition  : 

027 

297 

i;{6 

.S79 

925 

:<40 

750 

47:} 

9S8 

837 

98;{ 

3KtJ 

924 

315 

353 

HO 

601 

<»04 

854 

794 

547 

m:, 

177 

192 

;{44 

124 

439 

Subtraction  : 

107795491 
77197029 

75088824 
57406394 

91.500053 
1!>90 1.563 

Multiplication: 

8246 

3597 

5739 

20 

73 

85 

Division: 

25)6775 

94)8.5352 

115 

37  99!M) 

IM 


lii 


adc  t  on  nroblpmc       \    .„.    •  i        ■         .  OPifaJ  of  ordinary 
•'"''l"''"liicis-';(|,at  is  flu.v.r,.,!    '        I  ^  "K'asure 

'"•"    "    los  .•onv,.nf,o„al    whiU   ,v,„.   .,f  al.ilifv     iZl      . 

■'.nallesr  that  cover  all  ossontial  dement/    For  thpdffc     T 
rTcranon.  these  dements  are  as  fuiJow;':  '"' 


Addition  : 

1.  Knowl(.(igtM,f  cOMlljilliilioMM. 

2.  BriJgiriK  <lic  fpuf. 

3.  rarryinK. 

4-  Attontion  span. 
5    Fatigue. 

Multiplication; 

1.  Knowledge  of  eoniMnations. 

2.  Place  value. 

3.  Carrying. 

4.  Addition. 

5.  Fatigue. 


Sul)fraction: 

i-  Knowledge  of  combinations. 
2.   Morrow  jdg. 
'i-  Fatigue. 


Divi.^ioii: 

I.   '<'">«Ie(lgeof  conil.inations 
•-'.   I'lace  value, 

3.  Kstiniation  of  (juotient. 

■♦.  Multiplication. 

•").  Subtraction. 

<"'■  Fatigue. 


with  ^r""  '^'  ^^"'■''  '"  '^'  ^'"'''""'^  examples  were  .,.\,a'ed 

fac^r  ,„e„.i„„ed  above,  I,,': :  m  i™  at,"iT?";:;;,;:'r-'; 

i^.rin",-,;,  ,"  "'•'«'"-'  l>"|.n  !»,«•  f„,.  »,",:«' f„  ?„' 

ror  iji  tour  iinnutcs  the  ii\ci-ior.  ,.liil  I  ,..;ii  ■         """"n». 

tendencv  to  make  errors  d.te  lo  fltig.le        ""'''  ^'"■"  '""''-' 
A    F J  "-^'stana.  of  supervisors  and  inspooro  .      Tes't 

L^v,th^.au„n,.      A.  these  tests  are  short.  I  give  therJ'l^;^ 


llfi 


Test  A.  Form  1 
^I^r«  r      V"  "'"  l''^  "iftrke.1  f.,r  t).,(|.  s,,o..,|  uii.l  atcuracv,    l.ut   it   is 


Add 


Siilitract 


5 
1 
3 

1 
5 
•1 

3 
2 
4 

2 

S 

4 

!» 

S 

4 

1 

140 

7:J 

122 

77 

161 

(IS 

172 

S4 

4 

7 
4 

1 

<) 

1 

5 

fi 

III 

I<I2 

12(1 

1S3 

K 

•  ) 

4 

I 
1 

_    72 

!)S 

(14 

ftr, 

1 

7 

:{ 

."> 

2 

!) 

114 

i;i7 

ni 

i;52 



__    ir, 

■">7 

7(1 

.-.:{ 

Multiply 


U          -)4 
17        22 

21         43 

Hi         2.t 

Divi.lo 

CI         ,-)2 
.".4        34 

4i)ir>.';8 

">3;630 

•>l  13177 

42(SS2 

Xiimp,  etc. 

olil47(J 


T<-i  i;.  F, 


M'lll 


oame  instructions. 


.\(KI 


54 
43 

ii 

77 

44 

!l(j 

42 

S7 

()() 

m 

.3.3 

(14 

85 

38 
4!> 

5.5 

8!) 

8,S 

7(1 

(|<) 

(-.7 

tUi 

05 

79 

44 

.")7 

83 

38 

<»« 

83 

"^7 

!t5 

Si> 

74 

(iS 

7f. 

(13 

87 

i'8 

Divido 

352S 

■)(r;4()SS 

r.JU.3.- 

2 

(151 1() 

M) 

Xanio,  etc. 

llie  nece.s.sarv  class  rocor.l  sheets  accoinpanv  tlio  to^ts 
-Hi  t  ,..  <^^.vvy,,ov  \<  tints  ;,!.':^  f,  k....,,  r.-.-unis  ior'lns  vaviuns 
sohoois  and  classes. 


H 


on  ojidi  r-nnl  in  .u  "     '  '""^'^Ty  "^  tl"'  exampl,-, 

<iMoi  a>  «rn     .  ,„  |l„.  |„     ,.|,^.  ^^       , 

(,      ,  -y  ^'-  -f   and  M  aiv  ;.d.l,tion:  B  and    F    snl.tru-fion 
;•   ^'    .ind    L.    niultiplioation:    D     I     K    nnd    V    .  ' 

H  ..     r).  fraction.       Tho  tin,o  allL'd  ^    o.^..o  riZ; 
>e.'on.K  t(.  rhroe  minutes.        The  examnL    >f        u  ' 

^'Ppn.xin.arolv  eqnal  in  difRcuhy.  '  '''^  ''''  ""' 

4 


■'^i.'t  A  contain.s  ♦luitocn  .examples  like     ,;     :  ,,,,.., 

ten  ('xanii)l('s  like    '     ^^  ";' 

'  '''   ^i       8  '^'•'   ^f<  (  '  'fii  f'xaniphs  like 

set    D,    siv.  n    ••x;,nipl7<s    like   8)0     4)'^9     ,.tn  v      ~  u 

lis 


.S(  t  B, 

7     , 
1  t'tc.. 


ii.MaiHv    ihciv    i,     Mn^r|,..,,,|„,„n    iul.liii,,,    ..('     liv,.     ii,.„,v, 
Mngle-coJumu  addition  of  thirteen  tigiin...  four-oolnmn~addi- 

t.on  of  tivo  ro«-8.  There  i>  similar  increasing  comnlexitv 
in  tile  other  operations. 

,.,  ^f8'df«  fhoir  nsofnlness  for  diagnosing  purposes  tho 
<..leveland  Jests  of  course  measure  the  efficiency  of  the  class 
in  th,.  opera.ions  ombrnml  by  the  te<t..  Standard  norm* 
have  been  established,  and  anyone  wishing  to  do  so  mav 
compare  his  >ehool  cr  entire  system  with  rhe^e  csiabli^hod 
norms. 

It  will  ,„-eur  to  the  reader  that  the  test  is  not  eoniplete 
«-nongh.  parti.M.larly  in  the  field  of  common  fractions  Their 
real  strtuiith  ,,  ,n  the  .lefailed  measurements  they  furnish 
oi  rlie  abilities  covered. 

riic  Wnu.lv  .S,.iil,,^i  ,.,,„Mst  .,(■  t\v.,  >,.|i..s  \  ,ni,|  l;  tile 
latter  being  an  abbreviati.m  of  the  former  and  lused  when 
the  tun,.  ,s  not  available  for  the  complete  series  Series  \ 
<-ontains  four  sets.  on.,  for  ,.ach  of  the  fundaiii.mtais  Tli.. 
addition  scale,  for  in-tance,  contains  .38  questions  involving 
•MMipie  .•oH.lumMiu,,..  ,.„|„n,n  .Mldition.  M.lditim,  ,,f  .|Mlh,is 
and  cents  decimals,  fractions  i,„d  denominar..  numbers  In 
''r;.^''  \Y  n-:p'io..s  are  supposed  to  be  in  a^cendintr  order 

It  should  b,.  noted  that  a  test  and  a  seale  are  n-t  the 
sam...  In  the  tests  described  above.  ,l,e  .,uesti,.ns  were 
"f  equal  difficulty  ui  any  one  set  of  operations.  i„  Woodv's 
•N-ales  they  are  of  increasing  .litfieulty,  nuA  ibe  pupil's  ..ei- 
t..rma,ice  is  a  statement  of  the  particular  examples  he  has 

done  ..orrec.ly       lo  schmiiv  a  cla-s  score ,n\..l.  i,  rakcn 

<'t    tlie   example    which    is    done   correctiv    by    one-half    the 
'•lass.        It  will  b,.  sc.„n  that  "ability-  as  i,-..!  i„  Hi,.  Conrti- 
csts.   tor  in.tance.  an.l   these  Scales,  is  not  cpiiie  tl.e  same 
'b.ng.      I  ben    too.  no  particular  account  is  taken  of  speed 
a-  niost  pupils  find  the  twenty  minutes  ample. 

Uie  ser.les,   then,   are  intended   as  measuro   of  acbiove- 
HH.nts  of  a  class  or  school  in  the  four  fundamentals    in  all 

The    w'"'-     ;■'    T-  '■'!"''    '''•■-'"'I''"    -1'-    mav    1...   applied. 
Ibe  sca,.s  ,U,  furni-h  an  excellen,   diagnosis  „f  ,],,      ;„,if,. 


HI 


I 


'  Ai)f)cii(iix  !■' 
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II"'  Moiiiof.  StaiidiiiW  |{,.j,snniiifr 'IV..t 1 

""■   '"llnvvino   ,„.,,  ,,ii,sti,,n^   fn.M,    T..  ,    r       -ii      • 

'••■••'■'/•^■'i  ¥:-'  '•  v;,ni  f„,  i.,.,„i .|,  ,1,    i,,.\;,/i':" '  •  ,'■■ ';  ="-'^ 

-mains   7->.imu   ll,s.  , ,/;''•, /'^''''^•'''';   •.  ••-His:  A  en- 

^^hJt!'''fh;i:';:'^ii:;r^  '-' -^^^^k .,, 

''^vi.io..,e.,,nn„n,,.;n;ri]r^.;^LT;^^^^^^^^^ 
>lio  operation   p^rfonnc  I,;  ,  )      ■'""    "■    '"'""•'''''•   ^^•'"•" 

is  no;  ^";J^,;:;:;r:.!;rVi;r "  r^  ?•  f^^^^^ '"- 

logicai.      Jt    is   only  ^^^  ,.y     bat  ^"  j'""'"'^  ^^  ':^-^'-''- 

K^iution  be  based  ^n  rbe  ^ri.'^.:::^jT:;:Zi:''' 

square  feet  in  a  square  van!    otJTT  V""'  """''"''•  "^' 

'--^  nf  the  prineipie  '     ^  '^^  "'^  '^^'^  ^''^  -^'"'•^"N 


'  '';iKc   144. 
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-.    No  ..n.li,    „   .iv,.„    ,•„,   ,      ,„,,|,,„    ,,„,,i„j|,. 

''"■  l"-i;'l  ..   I'-'  lu-l..tini,,.K   i„,|i..,,..,i  ,1...  Inv  o,,..nui,.M 
i     ,  '•    •^■:^«;;''>  "'•'•< ",.,|  ..  ..nnvH  nnlv  wlu,,  ,I„   answer 

,,1..;-    ''>:'■'""""   '-   '" •'■'-'    i"  I'-iMci,,!.,  , Ik.  answer  f. 

J.    It-.    ,.M,.il   .,iv...   a    ,,,..1.,.,, ,,,.,,,„„,    ,,,^„   „, 

""■;.'"'  ;"'•' :'  "P-'^ni.,,.   u|,i,.h   a.v   no,   ...11..,,    f„, 

"    ^''"    "•"■'•"   •''"•   -HM.Iu-al.l..  ..a,v  MM,-,    1...   lakrn    ,„ 
'•<■    '•'"-.   -L-';"'".^-    ^vli.n.    ,,,i.K.i,,l,.    i,    i„voh,.,l.        Oo"  u^ 


'■',".'7   "^'   ''"'^   ,'^'"'1    'M'!-='-....!    ,„    ..„,   ..x,.r.,.iM,..„t.. ..f 

NvliK-l.  .n.  i„,„.,l  in  ilM-,H.<-....,li„o,.|,apt..r 
,       ""'^^ '•'■...,■    ,|i,|     ,.„„si.l..ral,l,.    ..x,,M.i,;H..„al    work     wirh 

Siim-.v    !,..(-.   \Vnu,|v  S,.al..s  .,,,,1   Mnnr,...-     I-       '      •         ,        ' 

.  ,•     ,  '.  .M"lil<>(.  V    Ik  unlillli;'       ,.-tJ 

An  a,-cn,nu  of  th.....  ,.  ,.,„.,v..d  to,.  ;!,,  ,„..xt  ,.|w.pt.r. 


ll 


fl 
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•II.M'TKU  VI. 

s.Mn.:,.:xi.,.:N,,,n.,v,,M.„o,,KuTn,s,Ax,„u,. 

TKSTs. 

'::l;l;:n:^::;:'';:■,;:l;■ ;;' ^  ^--^'-.i  t...  ...,, 

"'• '•".•n.in ... J,    ;,''■  7' ■'•''''■•' ••''''•''•-•'^ ••I'iN-.. 
^'"'"i-.i  K..S vi/  u  s..  V 7 '' r' ;'"•  ^  ••'•^•'^ 

w      I         ...      •  I    .   '^irii-    I,     I'uriiis        Mill     •»  •   W       I 

•N'li  (  ...    Scries     V-    il,      /111.  '   -•    ""oilv 

"■■:;•"- I-.   I ■..,■:„: .■,;;;;'■;:.';;;"",•";■"-': 

""'•'     l"f  II.. 11X11       ,„|„i|.     „„|     .  ,■  ^  '"'    '■I'I'I'I'II.-    u» 

-"■■ <  2:!:  ::\::t:,T '•'",•"? ■'" 

-.'"». " :::::..;l:\;;:::;;;:';,:';r';';, ;■ v'r 

wi.v   w,,..  ,„M.n..,|   f.,,  fill-,),  tolluvv.-rl.  an, I  rlie 

'''"•'•''  y>»<,  iiiNMinuM  of  ,„.,ki„iri, 


Ill    i.K  r.    file   fcac  ),.,•.;  wci'..  .is^ii,.    I   .1 
will    acv.Mu.t    tur    ,li,.    ...  ";""'*^^  '->  «  .nn.innuii.     Tl.i.. 

'■'■v'Hio.1  iiv  ,h,.  „.sr.  is ..„..;i..       '"'•  "^""^  "'«f^'-'«' 


.•'■',;;  "  ii''<'<'>-^arily  cliiMiiiatcfl. 


< 'I      rare,  .\=aroiiracv) 
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TAHJ.K   I 

^Addition      Sul.t  ac  ,„„  .\fulJi|,li,;<fion     Divi.-ion 


IV 

l{ 

A 

K 

A 

u 

\ 

|{' 

A 

(•eniTuI 
(Vjiirtix 
Bo.^toii 

V 

(•ericral 

7   1 

6 

,s 

100 
70 

7   \ 

7 

t 

80 

inn 

HO 

6  2 

li 

6 

07 

KM) 

60 

4  6 

1 

4 

57 

10(1 

OO 

S  (i 

70 

9  0 

S3 

t    5 

75 

6    1 

t'ouriw 

fkixtnii 

H 
9 

100 
70 

9 
9 

100 

so 

s 
7 

70 

100 
70 

■ 

VI 

(Jmoral .  . 

Coui'i.s 

HtM'ton 

9  S 

7.J 

10  :; 

S5 

9   1 

7« 

8  2 

S7 

Id 
Ml 

100 

70 

II 

10 

Kjo 

'.HI 

9 
'.1 

IW) 
SO 

S 

100 
80 

'f 

VII 

i 

(Jeiicrnl 
Court  i,* 

10  9 
II 

75 
100 

II  1'. 

12 

100 

10  2 
10 

HO 

100 

9  ti 
10 

90 
100 

4 

Boston 

M 

"^O 

11 

90 

10 

so 

10 

90 

r 

VIII 

!i 

Cieneml 
Courtis 

1 1  r, 

12 

7r. 

100 

12  9 
13 

S7 
100 

11    5 
II 

M 

loo 

10  7 
11 

9! 
100 

Boetuu 

12 

.so 

12 

90 

n 

■■•.) 

11 

90 

'i'iiMf    ir    will    indiciil.'    the    abilitic 
of  per.-ions.  iisinfr  the  Courtis  TestH. 


ail.. 11,   gruupa 


TAIiLE 

II 

- 

(irciu|) 

\()    ill 
<!r<)U|) 

.\(lditioii 
H          A 

."^ulitriKtioii 
H          A 

.Milltn 

li<ali()M      Division 
A           ]{          \ 

A 

.  .  .     3.S 

■H.  5 

61 

() 

so 

.s 

61 

7  0 

66 

B 

C 
D 

E 

F 

G 

H 

.  .  .      35 

..  .      27 

.  .      2S 

.  .      55 

.      23 

.      13 

6 

10 
10 
13 

15.8 
12  7 

9 

9  5 

.59  2 
5.5 
76 

8;)  8 
73  5 
65.2 
66  7 

12.6 
12 
15 

16.7 
16   1 
7 
15  2 

71  6 

7S 
84 
S2 
90 
70.  6 
.SO  2 

10  6 
9.4 

13 

14.  I 

13  5 
5.8 

10  3 

59  9 

72 

72 

77 

79 

54  7 

71 

s  7 
9  6 
14 

16  S 

14  5 

3  5 

8.5 

75 

84 

90 

94.7 

91  4 

50 

82.4 

I 

J 

K 

14 

115 

75.8 

12 

87.4 

7  3 

63.7 

5  4 

75 

fi 

112 

SO 

if.  7 

S3 

16 

S5  6 

14  7 

94  3 

(1 

19.7 

S3.  9 

22 

ss.o 

20 

S8  :j 

19 

96 

123 

M 

A.   A   (Ira.!..    Vlir   ,1,,...   :.  numiUs  l,..f,.r,.   l.;,„rMn, 

'<    A  ".iiiiil.ir  Cra.l.'  \  |||. 

<  .   A  fir.t  yrur  HiRh  s.(„„,l  (  laNn. 

I>    A  ..lassof  Jra.-lMMs  i,,  .raininK.  »V«   w.tl.  ...;.,.|hm 

n  .iKi  ofH'  \cars  »'.\f»cn.ricc. 
'•   A   similar  class   t.)    f)    l.i.t    i 

"•    ^  "'«''"•'»-  <'"ix"'lM.f  ,..„.,.«  „..o,,|... 
"•    -^  "<'"""'wl.:.t  iMor..  a.lva.i.v.l  ,lasM 

I     ;"'«•'"•'— f ">-''H.,.-K„,iis|,  ..,„a..ti..n 

•I      >  Kr"iipof|iraclunli»  in  All., 

K.   ■^■^•■""|."f«r..,.l,.h.,„.|„.,,,„,|„.,,„M„.„. ,. 

•"■.",«•,. :.:,;■;:;;,::::::;■::::;;:::::»■■  •,;;;■-;• '■*- 

''■■'■^t^^'i:zr::"-  ■''•■••''I''' '""<'""> ' 

l'a<l    li.'a.hu.lu.,.         All    „f     i,    h     ''''~     ''■'ff '  ""'    :  many 

"cre   inc.|„de.|   who^ve^       '  ;,/      \'':;"' ■^*''''!'"^^'  >•-""« 

'"l"'--^-      K:u-h    s,„.|,.m-s    ,......„,      ^'V'""^'^''  '.'"   «'<fHnt  of 

"-lividnal   variations   ,nav   U-   s  e  'l'.'; I|     ';'r;"'"''"   ^^'Z'' 

^'tteinpts;  Table  IV  tho  a.ruri..  ,1         ,     .    '^   ^^^  ^''■«-''  t^*" 
fa^re  basis.  -'uiManes  uorko.l  out  ou  a  percen- 
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"■■■*-*. 


TAHIJ'!  Ill 

A  I  TKMiTji. 


\ 

Pnr>rl  I 

^  s 

n.  ,_, 

'•  17 

1>  ,, 

K  IS 

»•  I,-, 

*:  1-. 

»  I. 

•  n 

J  s 

K-  Ml 

*«     z 

^■■■-    17 

f) 

I 

»•■        xr, 

<l  •.>() 

«  15 

« ,. 

T.  „. 

I"  Mi 

V  .  ,0 

^  10 

X  14 

v..  ,K 

^  17 

AA-  .            S 


''•'"'""     •"^'•t'trarlM.n    M,,!,,,, ,,,„„      ,,,^ 


M 

III 
17 
17 
l.i 
Is 
17 
is 
Mi 
<t 
II 
Mt 

•-•:{ 
It 
Is 
«i 
Mi 
•_M 
Mi 
'.» 
Ml 
2(» 
Ml 
11 
It 
12 
IH 
!l 
S 


I 

Ml 
II 
».-> 
1.' 
It 
17 
JII 
■-•I 
Ml 
I.' 

•-'l 

■J\ 
l.t 

17 
II 

L't 

•_'ll 

IS 
<t 

1.-! 
17 
!» 
It 
17 

i;< 

17 

in 

12 


II 

It 
ij 

Is 
I  I 
17 
J I 
.'I 
•-'I 
It) 
I  I 

L'l 

L'l 

l:i 

l<.) 

Ill 
•J  I 
•-•I 

l!t 

I J 

I.' 
-■I 
II 

17 
M) 
I  I 
2.'> 
II 
It 


I 

I  I 
'1 
l:i 
Ml 
I  I 
I  I 
hi 
Is 
I  I 
III 

Is 

Jit 
') 

I  I 
!l 

ii; 

Is 

I." 


Is 
10 

I J 
l.{ 
I-' 
I.-, 

s 

s 


II 

i:, 
ij 
17 
\>. 

Is 


IJ 

17 
J I 
III 
I.-, 
I  I 
17 
Is 
lii 
III 
I  I 

i!l 


\:, 
It 
Is 
Ml 

•J 


1 1 
I J 
i:. 


1 1 

i;; 


J I 


It 
II 
17 

!l 

IJ 
Ml 


II 

I  J 
I.- 
I  I 

i;i 

ill 

Is 
is 
17 
I J 
Ml 

Ml 

Jt 

Mi 

Ml 
s 


IS 

::. 

10 

Jt 
i:< 

Mi 
Is 
11 

IT) 
Ml 
It 


I'* 


|l 


12.- 


Hi 


TAJiJ.E  IV 


Rk.iits. 


I'ui)il.s  J 

^  KM) 

H              .  .  (,' 

^"       77 

1^ UK) 

K. -Mi 

'"'      \()() 

^'          A.'i 

" 7!) 

1 0. 

•' .  1(H) 

K !»! 

L-  1(K) 

M .  77 

•N' 71 

O  1(H) 

I' KO 

Q 70 

K so 

^ ")(i 

T  <H) 

^•' ()!) 

V 70 

W ,M, 

X (U 

V 7s 

2 (|4 

AA 0 

AB ,j 

TJi,. 


Ad.lii 


Kill 


II 

(«) 
!»■_• 
■SS 
1(H) 
<i7 

72 
7") 
7S 

100 
9') 
!H) 

!)7 

72 

SO 

SI 

!,'.-) 

SI 

S!» 

70 

7o 

SO 

7;{ 

7!» 
i') 
s;{ 
14 
.'.0 


I 

70 
.s2 
S7 
92 
(il 
!)4 
')'> 
S3 
!H) 
02 
!»2 
it2 
77 
!)l 
111 
•17 
1(H) 
1(H) 
S!) 
.")4 

ss 
tl7 

S") 

7(1 
KHI 

i)4 
1(H) 
1(H) 


.S.il>tra,.tio„M„I,i„|„,„j.,n     Division 


II 

s", 
KM) 

!)4 
1(H) 

4S 

!).■• 

(17 

SS 

!H) 

!»;{ 

7.) 

•h; 

100 

N4 

•  10 
'.»2 
'.Hi 
!).'. 
1(H) 

7ri 

St) 

(14 

S2 

(IS 

91 

100 

too 

93 


I 

(11 


1(H) 
54 
79 
14 
.")0 
S2 
!H) 
94 
!HJ 
.j(l 
79 
44 
(13 
7s 
SO 
03 
.")" 
S9 
•JO 
42 
«i9 
S3 
S7 
")0 
7.j 


il 

sr, 

91 
73 
1(H) 
.■>9 
94 
ftl 
SI 
S3 
S3 
94 
9«j 
iH) 
60 
(14 
S2 
S9 
100 
90 
.5") 
74 
.54 
()0 
(57 
71 
1(H) 
SO 
7S 


I 

S2 
S5 
93 
KM) 
75 
S7 
S2 
S(i 
1(H) 
100 
95 
S3 
S5 
iOO 
100 

loo 

8(1 

87 
100 

SG 
100 

93 

90 

S2 

56 

100 

90 

91 


II 

5« 
1UI» 
l(ll> 
lOU 
Si> 
S.1 
7S 
lOR 
UHi 
UU 
100 

ita 

75 
lOU 
S7 
94 
IWi 
»l 
IOO 
IOO 
100 
93 
88 
100 
82 
100 
80 


'•('M.li>  in  imcnipt.s  luav  In-  s,nui,iai'</.o,I  tin, 

AtWition       ,<uh(rarti„n    Multiplication 

''^'"•''™l" 374  4-'7  -IK,- 

;f"''''"pmp(  40,,  472  ^ 

Hifferonce .,«  If  ^ 

-^  45  50 


Divisiott 

39;i 

41(> 

23 


Tl„.s,. 
-^"^  ])iipi]p. 


liffereno 


"r  pauis  in  Httempts  are  spread 


over 
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I  lie  iiiuiilicr  ol"  ri^-lit*  nun-  V^,.  «lin„-ri  ;„      ri 

"j^iii  iMii\  iH  .-nown  in  a  like  manner: 

IM  attcnir.i  L>.s;i  .{.-,,) 

I'lxl  atlcinpr  ;{i!)  .|,),s 


;.".(i 


(•ains 


.JO 


■i:': 


v.) 


355 
442 

87 


Ist  :itt('inj)t 
2tid  attempt    . 
(•aiii 
Average  oi  iwn 
trials 


K'  miprovcniciii   in  acfiiracv  or  'lie  eh-.s: 

P'l-  eeiit.  per  ee,  ,  [„,r  ,,.;,(. 

"C  St 

«0  ,s<i  79 


,s 


per  cent. 

90 

94 

4 

!t2 


Iliii.-: 
Average 
1st  trial 


If     JlVCPiliiO      t'ol'     ljl(.     I  wo 

14 


t|-|i)N    for    iUtelilj)l>    i^    -howii 


It) 


14 


14.  o 
14 


"'   tHrrher   ,nv,.s,,..,..   ,h,,    ,,-liaKiliry   of  a    .in^l..   ,nal 

H.  aW,lM,un  an.i  sni.raenon  ..s  ...re  .ivo„  o„  Mvo  oeea>i,,M: 
Nntii  a  .lavs  mfrval  m  a  (Ir;.!,.  |  V  elass.  Tal,!,.  V 
jrul  \I  ..uma.n  ,1...  ..esnlts.  (  Al^atfe.uprs  first  trial - 
Hl=.r,ghts  ttrs,  irial;  A-^art..,n,,s  so.,,,,!  ,  ial    .r.  , 


ii'l  trial,  etc.  ) 
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1'  I    !•  and 
iiid   !>  are    I'.i. 


Il'e  u'ncn    helow. 
'  and 


(.•!)    ( 


>  ami 


and  .1. 


r»  t 


I  '■'  I    >^  and  i;  are  i: 


«  anvtliiiio.        (  0  I   «|  .|,„|  ,, .  ., 


I  •"'  I   !•  and   7  are   17; 
I")  -^  and  !»:  ( ,S  i  Adding 


■**  itnd  7:  7  and  C 


iMid  s ;  11 


IIIKl 


:»  an 


d  0; 


W 


^m 


lilt    was    evei 


•  >  and  iS,  ete. 
I    more    interesting;.    4(i 


4Ih-  t 


nilties  ot   their  own.      The   foli 


rfinliiesf)nie  one 


iiwin<;'  (Mj 


of   the    do    had 
mhinarions  wore 


if 


1-: 

fi 

0 
6 
6 
6 
fi 
6 
6 
6 
6 
6 


♦  'oinhiiiMtioii    \( 


'1  and  •> 

4  and  !i 
•■>  and  7 
^1  and  s 

5  and  <» 
<i  and  7 
<i  and  s 

6  and  !» 

7  and  I 
7  and  .') 
7  and  G 


<).    of   persons 
Mvinndifficulty 

1 


•  iniliiiiatidii    \( 


|)rr.«on 


7  and  S 
7  and  f» 
>»  and  ."» 
S.  and  7 
X  and  !) 
»  and  :i 
0  and  A 
0  and  .■) 
0  !ind  () 
0  and  7 
0  Mnd  K 


ivincthfFiculty 


3 
3 

8 

Id 
!.■) 
II 


F 

6 
6 
6 
R 
6 
6 
6 


thr  .l.ftie,  1,  eon,K,nat.on  appeared,  thr.  following  are  tvpieal 
rc,>J.os:  Alwa.vs  had  ,o  stop  .nd  think:  nmst  hesitate'C  a 
mne;  always  re.puies  several  secon.ls  to  decide:  1  ir.l  to 
find  any  answer,  etc. 

The   an.-wers    ,o    the    various   .-onihinations    varied    with 
«l.fferent    p,.oplc    and    ev.-n    with    tlw    satn.'    perso.i.      S„ch 
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'  ) 


"i  ,  ! 


i.iisw.Ts    jis    tl„.    t-n||,.wii,,n    „..T..    vcrv   coiiiinoii:    8-f7  ^17- 
■>-ri       17:  s  r".'      !!•,  etc 

In  hhI.t  In  aniv..  i,r  an  mi.|..,stim.liin:  ..f  tlic  \V<Hid* 
N-i.le>  aii.l  tu  ..stnnatc  jlicir  value  ...  ,|„.  t,.acli,.r,  ...•  su.h;,-- 
vis..,'.  as  well  as  tl.cir  n.|lal,ilitv  i„  c-Mtaii,  ,-,.s|,<M-ts  live- 
HM-ins  uvn.  ns,.,|.  ,..,„sis.ino  ,,f  s.,,,,,.  17:.  .•liiLlren  in  (Jm.le. 

'^     '."    V      \      '"    ""■    '"•■'■      '•"'    '•■^'^    "■"'■<•     ^'v..,.    Hud 
'■N;niiiMr.l    Ml   tl...    \V.,.,.|v   S,al..s  al..i„..        TaM..    \Vi|    .^a- 

'i.ms  ,l„.  i.,„at,v..  s.ai..lar.ls  ,,ru,..,s,.,l  bv  Mr.  W |v.     Tal,K 

A\  III    n.pn.M.nis  the  aclii..v,.iuciits  attaiiic.l   l.v  tho  i.ui.il* 
(.■xairiiiicd.  '  it- 

SKIMKS   A     TAIU.K    XVII 

lir"'"  A.l.litM.r,       S„l,tr„(t,„„  M„|ti,,lw,ni„n    l)ivi<i„„ 

(; ':>l  J.-'-  1(15  ;i  .., 

il -!1J  ii^"'  'iT:^  5:87 

These  stan.lar.ls  were  nl.tai.ie.l   fro,,,  classes  during  the 
rarly  part  oi  tlio  torn,.  * 

■SKIJIKS  A— TABLE  XVIII 

?J^"i'  Additioi,      Si.htracti..,,  Mul(ii)licali.in     Division 

\     ^' ':\\  ''^  -<W  1.G8 

v!i::::;:;  5|S        ^?^        lii^i'        ^-^ 

The  standard  (UJ  for  CJra.lo  TV  a.ldition  nn-ans  that 
.'.  pmi.Ioin  of  this  value  or  .lifficulty  should  ho  solved  bv 
ono-hnlt  the  class  correctly.  Referring  t.  the  author's  tabic 
of  valucsi  one  Hnds  that  P,'oM..,„  oo  i,„  «  value  of  G.IO. 
So  hat  at  east  half  of  (J.^a,!,.  r\'  should  solve  all  the  addition 
prohleuis  down  to  an<]  inoludiiifv  „n,nl,cr  20  r,soo  Appendix) 

T  have  here  set  out  Tal.lo  XIX  containIn<r  the  nerform- 
.nce  of  a  Seuior  Grade  IV  of  29  pupils,  which  will  Zl 

'  Woody:  '•MoasurrnH.nt  of  Son..  A(.hi<"v,.,,K-nt«  in  Aritl„„<(i,-,"  p:,p.  10. 
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^M.^U 


I^VSI^ 


•iS 


17 


l^ow  this  \york^  out  imicli  better  fl 

i*  no'.v  Ikmmr'  promoted  i,,  Grade  V 


this  clas 


laii  \\(,rd>.     1  nia 


y  sav  that 


Xo.  of  !'n)L'" 
Pupil 

1 


1-'  i:!  II  I.-,  i,i  17  IS  i<i  ._> 


2  I 

0 1 

10 I 

11 I 

12 , 

13 1 

H , 

l^ I 

16 , 

17 , 

18 I 

19 •.  .  .  , 

20 

21 

22 1 

23 1 

24 

26 ::::::..  , 

26 , 

27 , 

28 , 

20 I 

ToImIs  ,         .)7 


'       1       I       I       I       I       I 


I       I       I       I       I 
I       1       1 


>()  21   22  !>.'<  24  25  26 


I      1     -     1     - 


I      I      I 


I      I      I      I 


I      I      I      I 


I      I      1      1 


1      1 


I  I 

I  I  I 

1  1  I 

1  I 

i  I  I 

I  I  I      I 

I  I  I      I 


I      I      I 


III] 


'      I      I      1      I      I      I 
■      I      I      I      I      1 


I      I      I 


I      I 
I      I      I 


I  1  I  i  1  I 

'I  I  I  I  I  I 

I      1  I  1  1  I 

i      I  I  I  I 

'      I  1  1  1  I  I 

'      I  1  I  I  I  I 


1      I      I      1 


1      1 


I      I 


I      I      I 
III 


I      I      I 


I      I      I 


I      I      I 


I      I      I 


1      1      1 


I      1 


I  I  I 
I  1  I 
I      I 


1      I 


-"  -"  -"  ->>  21    Id  -!   It     !i    .;   Mi     7 


fPrao.k-allv  no  errors  oecnrred  in  the  fir^t  10  questions 
and  those  were  omitted  fro,n  the  above  table.     One  Zl TZ 

:s^  •n^^id'srr-  "• ''-' '-'''  ''■  -''^-  -  -'^ 

The  aohipvr,,,™.  „f  ,l,i,<  da,s  wa,  a  li„le  l,iH„  ,,,.„ 

'X^l'"'> •■  i-i-'i"  •"  •he  fac,  ,h.,  i,  wLfr,,"";, 

nf  o  e^,  •      r^      ,     ,.  '^•^-   '""''^^v.   represents   the   .coro 


of  It   will   indieate   hou-  easiiv   i 
made. 


lie  elass.  di.ncrnr^wi-   n-;.=tv   be 
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li! 


TAULE    XX 


■j    ! 


\o  of  rrohlciii   1  1 

Pupil 

-A I 

n 1 

<"      I 

i> 1 

y.      1 

i'"    I 

<< I 

ii I 

1 1 

J I 

K I 

I' I 

^i I 

X 1 

<> 1 

V 1 

No    111'  |'r,,|,ii.iii 
A 

n 

<• 

I). .      . 

K 

V 

<; 

H 

I.. . 
J.... 

K 

L 

M 

N 

O 
V 


I")    If, 


1 

1 
II 

I) 


I     1 


I  I 

0  1 

n  1 

n  I 

1  I 
I  II 

;s  •211 


1 

II 
II 

0 
0 

(I 


fi 
1 
I 
II 

II 
II 


II 
I 
I 
1 
II 


IS     10     JO    21     22    23 


1 
:;ii 

I 

II 
(I 


1 
1 

II 
II 
II 
II 


II 
II 


I 

I) 

I 

II 

I 

I 

I 

0 

1 

fl 
1 

fl 
u 


II 
(I 

I 

II 

(I 
II 


(I 

0 

I 

fl 

II 

II 

(J 

I 

I) 

0 


II 
II 
fl 
f) 

0 


1 
1 
1 

fl 
1 

0 

fl 
fl 

0 

fl 

I 

f) 

1 

II 

1 

I 

:ii 


1 

0 

- 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

- 

.'10     ;57     3S 


I     1 


0  I 

I  1 

1  1 

I  I 

I  1 


1     1 


fl 
I 

II 
fl 


1 

fj 
II 


1 
1 
fl 

II 


"'•'■••' ""'^    "    (lUcstioii    ni<Ml    iiud    misscil:    -    nil,,    not 

:itrrin|,i..,|.       I  Uwr  were  i.n  ..rn.rs   in  rlir   Hrst    1.'5  (Micstions 
:.n,l  ,.nns,..|,„.„r!v  rl.is  part  uf  tli.'  class  s.-o.v  is  not  in.licato.l. 

I  lie  filial,.  sli,,us  thiir  two  |,M|.ils  failed  to  n.-t  mimlx>r  15. 
IJils   <|licstluii    .•oiisisis    of   cohiMlli    a.lrjitioii    of    fl 
!<»'».  :;;!.  4.-..  L'fil.  4(1.     Our  aiisv,..,-  was  :',■> 
'Vhyrr    p„,,il,    ,„iss,.,l    !i;.    a    soiuewhat    similar   -lUcstion    in 
JHl.hfio,,.      I  w..  nnsscl  17,  a  still  more  .liffinilt  one  in  aiWi- 
fion.     No  ,,„|„1  ,„i,,s,.,l   i,s.  ,  fo,u-<-olniMn  a.idition  of  T.  rows 
Only   <.ne    |ni|.il    missed    fw<,  of   iihiuIkts    i:,.    ji;.    17.    and 
«l.>iii.rl('ss  tlKTcfor,.  tho  errors  wore  mere  slips.     While  pupil 

14-i 


le  numlKTs 
■>.  tile  other  4:^."». 


mm.^M^±m^^''^m^^mlm^'M^W4cm 


26 


3S 


15. 

KTS 


in 
Sdi- 


ii)(t 


r 


recoil  I  IS 


Mir.    still    ut'  tile   J:. 


•  •nliiuirv    iid.lifioii.    oiiU 


■|'l 


two     \V(M 


)    I|1I<'SII(>11S    lIlMlKilljr 


•  '     IlllSSI'd 


irt'C     (ifllCIS     W 


tor    :iiiiciMir;icv. 


ere    scoi'Ct 


in. Ill  tile  iiiiswfT.     A  t'lirtl 


tiir    i:iiii»i(,|i    ,(f'    ill,.    !4;    , 


KT  lIllilivsisuniK-  lilMc  will    ill,! 


Ill''   llsr  ii    t.:irii,.r   sllnllhl    mjikc  nt'  til.'   ilit 


ii;ii 
ii'iitc 


A^ 


'',V   UMT    llillt    ti 

.$S.(Mi.    -,.7;,.    : 
is  .tL'7..".n.       \ 


:i   '•liiss.   the   tiiM..  shows   tlijii    iiiiihImt   l' 1 


lli'l-llliltloii    Sit    oill. 


\v;is   nil 


K'    i'lil>s. 


MS  i|licsfi,,ii    iviiiiircl   tile  siliii   of 


•  •r  tlic   $   si-ii.       I- 


t.'i.    .'-'4.    t;. ;!:.'.        'l' 
rii<-ticiilly  .-ill  ill,.  ini>,rs  wrr,. 


s<'t    ilowi 


roiii 
1.    Kile    iiiii^ht    1 


:l    iililllcc    ;i|     til,,    wiiv    I 


K'     corrci-i     ,iM>w,.r 


loi'    tile   MMiis^ioli 

li-   (iiicsiioii    :s 


IS  iicccptiililc  as  flic  Slim.      II 


•'■    jllslificil     ill    i-(>ii,-lii,|i|iM     i|,.|f    J-;-  ;,, 


I  lie    Woody    I 
iuiswci-    iieiiii 


<|iiestHiii-;  tindii:;iioiu  t 


loriiis    w,.|v    c;||.-|liiil, 


owcwr.  tile  wnt,.r  assumed  tlia! 


■d       oil        |1||.       !,;,si 


•oricct. 


'li''''e   .lie   a    mim!i|.|'   ,,f   siicli 


\n  1 


ic  scales.  It  Won 


lis  next   cilifnn 


il  I'e  Well  if  the  aillil 


.•■iicli   an   an>w 
wliaf    a|p|irecial 


I  "t    Ins  manual,    woid,]    indicate  whetlier 


ci'    l<    accclital 


le.   a<   It   alters   tin 


(,»ne~i 


o|i> 


'"   •'>    lliVolv 


J. mi    It    IS   evident    fiiat 
niiicli  of  this  Work. 


«'  consiileraMe  skil 


'I'ore   some 


ill  Mcciiiia! 


file   class   a.- 


a    whol,.    has    not    had 


The  W 


'oi|\     .Sra 


itleil  111  "rate' 
riie-e    latter 


es  i|.i  not  o|v,.  results  t 


lai   c-iii 


he  ,-al 


llcli- 


III  enlinarv  addition,  snhtrad 
M'liile    the    .Se, 


"i'l'«M  cent.-acn.acy.  :is  do  the  Connie  Tests. 

as  end    products. 


IMea>iire    ^| 


'ee<i   an. I    aci-iiracv 


"•"•  iHiilliplicatioii  ami  di\- 


caies    :ii\|.   tl 


iS|0||. 


the 


le    i-la- 


<ii'i:ree   o| 


u\    ..() 


'lifiicnlty   a    i|ni.st!oi 


acliK^xemi'iit    i,v    indicating 


1     llillsl     he    lo     I 


'^•V    ciMlt.    of     tl 


e    worked 


<•t^\•(•e|l    tile   iw 


'iiy   comparisoi 


Added    to   the   diflii'tili 


<>  IS  therefore  a  dilHciilt  matier. 


1    of   results 


lliat  tile  Wood\    .Seales 


v  Jiist   mentione.l  i,s  also  the  faot 


siilnraction.  etc.      The  Seal 


ii'e  not  limited  to  ••ordi 


iiary"  additio 


tain  or.jinary  a(hlition,  addition  ,,f  ,| 


es.  ill  addition,  tor  instai 


n. 
ice.  cmi- 


iiials.  fnietions.  dei 


iif'Id   of  addition.      Tl 


loiniiiate  niimlicr.J ;  in  fa 


'linrs  and  cents,  d 


eci- 


tions. 


le   same    i.s   true   of   the   ,,tl, 


el.  co\(.r  the  wlioio 


f'r   opera- 


lai    iiiav   he  t 


ermei 


I   ord 


cue 


inarv  addit 


^tions  1  to  18  and  also  22.     tho.se   1 


dilMeuIty  from   T,     to  threr-col 


ion  is  emhraceil  hv 
1*  <li""'f''»iis  varv  in 


olunui  addition  of  nin 


e  row- 


It 
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" ;'  '::  '-"^f  ^f^'-f""-.^  f"  treat  thc«..  as  ..f  o.,„«l  value  ant 

-nplv   hn.l  th,.   ratio  of  tlu-  .nunkr  solvoW  to   19    for  th 

xM.f.i   rl.j.t    f  ,,,,.1,  of  til.,  values  wen-  dven  to  the  Ifl 

-■"n..-,    .n.l  ,n.l,.,..|  ,ln.  in.livi.h.al  acc-nraev  too,  from  th^ 
^^ •>■  '^r"':r  ""^^'"  '-  '->lv<-l.     The  ,„ethod  in  fact  would 

.<■  v..ry  su.Mlar  to  th,.  .orr-.tion  of  a  pupil's  answer  paper 
Mlier..  the  answers  l.a.l  varvin^r  values  ^^    ' 

(;r..l!.riv'rvn';''"''  ""■  ■""  '^•'^^  I'"'^^'''«  ''f  «t»Je°ts  in 
,  s       f  tl         I         '•■''•■'■  "■""'"  •'■^«"''"^<'  and  marked  on  the 

r;    .^,:::'r^'"''''?'\'"'"'>-     •"  -I-Iinon  question 
to  l,s  ,„,!_>  wnr  ,.o„s>.|».r,.,l :  in  sul.traetion  1  to  19  and 

non    TO   Ik.   Hi)  4    ,,,m...t.   the   pupil   „.ust   Mu.ke  a   total  of 

d;ti;;ion';;..8?""*''''  '"•■•'^  "■  '"•"^■i-"-^'-'  ^^-^7-,  in 

Table  XX r  jri^t-s  the  results  l.v  trades  with  a  comparison 
Mt   pertormaneos   wuh  th..  Courtis   Tests.      It   will  be     1 
that  \^  oo.ly  Scales,  parti.-ularly  in  the  first  three  operation, 
.aiv..  a  n.uch  more  favourable  s.an.lino   to  the  classef 

TAJ^LE  XXI 

Gra(ie  'r'^'^'^'lt'']      •'^"btrartion  Multiplication    Division 

IV  ^*;   ^^  t      ^''    ^^"''•^'      ^^°-  ^^"^y      Co.   Wdy 

V  :  S  ««  76  92  53  80  58  59 

VI ^^  ^  66  «  60  77  69  49 

^'II 'S  ^^  ''^  ««  «1  82  69  68 

VIII ll  ^  68  91  69  84  75  71 

...  "'         ^-^        «f^        !»'         61         89        66        88 

Nie  n.sutsn.  division  ,„u,t  not  he  c-onsidered  very  reli- 

'''''M-rtieuhirlytor(ii.ad,.sIVtoVI.         h.  ,,.-iiiarkiL  the 

-l-s    I.  was  diHn-ult  to  know  wh.^her  or  not  certain  oues- 

,n    'T     ':"",  :"r"'';""'    '?    ^'"    •^'"''''^-      Q"<'«tions\ot 

•   "  "P><'<l    should     „.    di.sear.led    in    ase..rtaini„g    accuracv. 

>•.-■  er    s„.-l.  doui,t  aros..  that   it  wa.s  consi.le^d  best  to 

>  de    all  ,,u..s,i..i,s  as  liaviu.  been  attempted,  and  this  had 

""  ,,l'<-'  "I  low,.miu.  ,|h.  pen-ontas-e  appreciably. 

'!;<■   -iiinr  i;u-k   of   iiiiihMni    proirressiou   from   i^rade  to 

14(i 


'\W^ 


^rn,l.>  .s  w;,s  nn,i,.,..|  I,,.,'..,-.,  i.  s...,,  h.u-  .„,1  ,,„.  h.  ..plainod 

Mam  V    r      •    *"'  "'"^  ''"  -"i''-i"n  ,.f  th.  ruJ'Zt 
Main  In  cha  Hiring  in  a  ,,(■«•  oountrv 

txtdui,.     to  fl...  ,.u,M|.i,.t,.  s<.al..  in  ."aoh  of  fli.-  ..norntions 

•on  .  t.  >,,N.  tlu.  a.l.hti.m  s,,,!,.  of  \Voo,lv,  ..onvinn-s  ono  that 
^contain,  a  oo,,,,  vai.,Vtv  of  u-ork,  an.l  ..ovoivs  pivrtv  Til  the 
^rM  o   a.l.lifon  :  ,„  U,-r,  tl.a,  it  is  a  fairn-  tm  If  on^sahil  f" 

i-r.M  1    f'  ;■"""■"'•    '""'^'■^    '•"•    ■"'■'•""I    prohibitivo 

diffi  ;  i;'  ""  L:  "  "T''^'"'  ""^  "'""•'■  ''"■  -I'-'i-"^  increased  in 
difteu  V  s„th..i,.„tlv  to  p.,n  i.Io  sin.p).  vain.,  snch  as  2  4  " 
^-^  8,  etc     an  ,.xcoll,.„t   test   for   indivi.lnals  as  well  as   for 

he  PMvlIent  for  .lia^niosti<-  purposes. 

Alonroe's  Jieasoninj.-  Tests  were  .'iv.-n  r,,  tl.o  ^..  j 

"  *■"";  'I'"  '■ ■--  tU  .,,,,1  w.H,;  's°.; "t    %'4;; 


TAHLK  XXII 

'Grade 

Correct  Principlo  '\     ,}'        '^'^       ^H     VIII 

Correct  Answer.  ^  ,1     ''"     '5.5    20.7     16.8 

•^  •'      9  7     10.2     H.  1      8.4 

TAHLEXXm 
Grade 

Correct  Principle  ^^         ^        ^'^       ^'"     VIII 

■Correct  An.swcr.        ""       !•*  4     10  !»     12. 7     16  2 

"~        8-3       7.0      7.5      6.7 

•r'stimatf's  xvere  nrprorni  r  >ii  Class.     1  he  teacher's 
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TAIil.K  XXIV 

Pwpil  Add  Subfr  Mult.     Div  Aver  Uprs'k  X         Y  Z 

t  l{        80        83  100  81  89  50  60  M 

»  ^3        70        85         to  m  30  35  05  20 

C 75        60          0        50  47  <t3  ok  rn  rt 

D 70  100        75  100  X.5          8  &5  75  « 

P  f»        .^5        67         20  50  03  ?:?  li  S, 

* 17        25        67         20  32  50  20  50  '>'\ 

[• 71         89        SO  100  S.5  74  25  i  Xf 

H  .'57   78  100  100  S3  59  {f,  d"  ?i 

' iJl  60    40  33  57  24  10  fiO  2<> 

i 75  93  100  90  88  50  30  .'o  Z 

? 8    "   ;'•?  75  37  48  .0  05  aj 

M 44    33    07    07    50    59    25    00    5 ; 

g "    ':\        %        «6    67    86    50    GO    6:? 

S '^^  ':  \i  V,  -'^0  38  20  45  2<V 

8 "O  O'i  SO  83  62  8S  30  50  50 

R  71  83  83  100  81  75  20  40  20 

•:^  X5  100  83  100  93  96  35  65  60 

I ^  f  '0<)  83  72  72  40  70  U 

H tl  I'l  67  100  83  100  55  75  76 

X. '0  ^^  75  83  69  38  40  65  33 

5  ;«  70  88  83  69  73  50  7  5X 

X  2-i  89  33  33  50  79  30  '15  50 

The  iii>t  five  culuiiui^  arc  self-rxphiiiatorv.  Tiic  .-ixth^ 
ica.-oiiiii^'.  i-oiitiiius  rlic  [.crc'iUiio,.  „f  xh^^  actual  nitirk* 
m-nrcd  in  prinoipic,  ])a-^c(l  upon  tlio  qiic.-tioii-  actually  trifd. 
X  is  the  pupil's  m-oi',|  hascl  on  niontlil.v  examinations 
.■m-enni.-^everal  niuiuli-:  V.  a  similar  reounrfur  all  siii)i,v 
("uhunii  A  \-  the  rati,,  in  pciventage  of  the  eonvet  principle  10 
)hr  total  |....-sil,],..  ,.,..,  ,,n  the  assumption  that  all  |)robJoraa 
woro  tried. 

An  cxaiiiinaiii.ii  >>\  ilic  laoie  will  not  iii.Ji.Mi,.  jmv  crtvla- 
lion  iMiwecn  acmracv  in  nuchanieal  ariihiuetic  and  reasan- 
mii.  liiis  hears  ..nt  common  experience.  A  jMipil  mav  be 
.i;"od  in  one  and  p.mr  iti  the  ether,  and  virc  rrrsn,  ,,r  he  mav 
he  irood  or  had  in  hotli.  There  is  some  eorrehui-.n  hctuoe'a 
rcasnnini;  and  X.  Inn  a  closer  one  l.<-tween  X  and  7.. 
TIk'  correlation  hctwccn  reasoniuii  and  ^■  •■  the  pupil's  rec.nf 
III  all  scliou]  work)  i-  not  a-  close  a*  one  •^Imuld  cxpcin. 
and  uoidd  sii^i-csi  that  eitiier  the  tests  are  not  a  fair  test  i»f 
reasoninir  ahility  or  the  teacher's  monthly  exaniinaions  .ire 
itiadcjuatc  in  this  respect.  This  has  suoyested  that  a  v<frv 
inieri'stin;;- c,,i,ipaii-ou  ckuIA  \»-  nia.le  l.y  n-inii-  the  rea-otn'ne 

US 


lln..       n^.^^..M.M.,fin,i,„..t^,,Ml.,.,.. ..t  th..k        ' 

I.   I-\\\    ,sa(.n,.|,.  yill  .v<.o,-.l  s..,„..wl,.,  sinnhn- 

e  a,^.,V      ""•.'•"■"-"."".'^  '•"I'-M...  I,uw,.v..r.  i,  ,1,..  ,,,;,.  .,{ 

v%r''7™'    'M'nnnpl..  n,  ,1...  ro,„|  or  n.,n,.lw..  ,.,,...,•• 

X    tia.    rc.,.,.k.r.    .M.m.N.    i,,    ...,„,,,|    ,H-ill.,n..  i.-.l  'hi; 

"»iv   •■XlsUllj.    misniiilijr   tfsts.  I"'"».(l    111 

D  :;:::::;::     5^    ::!    11   ^i'.i  ru    r,\    ;;;;  S^ 

K ,1^;        ^'*        ';'        ^,i  77        .11        00  -r, 

F 7T       '>;^       '^^     ,;'7  Kl        .19       ♦!-,  7r, 

O                                '.;!        •"        ''•'      H»0  7!>        r.o       (',-.  r.« 

?••■•••■  ?•'   -   -  'S  s  s 

L ;,,     'JH     II     '5  •«     t7     vn  00 

M                                         '.             ''-          ■^•'          ♦>7  ,S.<          VI          r.-,  .•- 

s •;■:?     •"'•'5    s»    ss  72     1     sV  ';; 

o                        I*      «''      «7      -,o  50      -^       :<i  4 

p                                   '•">        82        89        92  83         -,1         r  - 

.?                                   f'        '^6       ,00       ,00  5i         1i        J" 

r.  ; .;            l\    S    ^^    '^  "     '^•>    '^  S 

V          1;          ?^         ''^        **"  S'         !»l         7.-)  78 

V '»7        ;>7        .-.0        75  71         .-,.         4-  - 

^::: :  ^  ■  n  i  »  55  I  5  i 

An                                 '         ^"        'S        70  fiO        r>n        -.-  r- 

AF 50         '?        ?^         ,5  72           7        30  50 

^!i.:::  :::  ■    I         iM  ^    -    -  - 

y            ■:   2    5     i    »3  Ji'    51    S  S? 

■^'' '•'       KJO         90         88  89          jf         75  ^(1 
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ill  (••(iicliHioii.  (iiic  >lioiilil  Miv  it  would  Ik-  a  iiii!>takc  in 
tile  |iii'Kciil  Mufiv  of  the  ilcvclojiiin'iit  ot"  these  objective 
i.ica^iirciiiciii-.  lo  iimkc  tliciii  the  folc  tc:.t  of  progress  or  the 
(hiinictcr  of  the  tcachfr"-;  work.  CoiiipariHons  arc  alwa;^!* 
fviiiiyhi  wiili  <liiiii?«'rs.  It  a|>pcar>.  also,  that  in  comparing 
alijliiii'  Till,  iiiitch  iiiHv  lie  iiiailc  of  tlic  time  oi?mpnt. 
Stmlrni..  we  know,  work  at  different  rate-,  and  the  t^amfi 
hMideni  had  vjni((ii>  ratc«  frotii  da.v  to  dav,  <h'pt'ndii.<r  npon 
inanv  tactur-.  A  jiarlial  solution  i«  of  cuurse  to  take  an 
j'vcraire  of  sev(  rai  performanco. 

A  writer  in  Teai'hers  Colle^re  Record'  commenting  upon 
hccondiirv  sidmni  iest>,  rai-e>,  to  my  mind,  a  very  pertinent 
point,  whicli  is  applicaiile  in  the  tiehl  (d'  elementary  arithmetic; 
too.  We  hiive  not  full  information  yet  as  to  the  complex 
nM-nial  Irait,  underlyinfr  the  learni..fr  of  any  suhject.  Is  it 
jioi  |)os«ilde  that  in  measnrinir  the  more  oli\ii»i!>  and  con- 
.scipiently  more  superficial  element-  we  are  mi>-inii-  the  really 
8ulitle  and  iiidd(<n  qualities  and  jiossihly  the  most  important. 

The  same  writer  raises  a  douht  aliout  the  •'limes"  j\idp;- 
inent  in  mental  traits.  I  shall  (piote  in  part.  ".  .  .  . 
We  are  dealiiifr  here  with  the  increment  of  al)iliiy  which  is 
( xceed i nirly  ditficnlt.  if  not  impos-iMe.  to  evaluate.  We  may 
illustrate  the  point  cf>ncret(dy  a  l'ollow<:  It  is  reported  that 
Charlie  Chaplin  has  siiined  a  contract  calliufr  for  a  i  ion 
dolIar.s  per  year  salary,  wherea-.  .\orth.  who  iniital'  aim, 
gets  but  $1,000  per  year.  Shall  we  say  that  ('ha|)lin  1,000 
times  a.'«  efticient  as  North  <  Phe  per-ou  who  d(H>s  not  attend 
the  movies  rejrnlarly  probably  is  unable  to  distinguish  the 
two  charactei-s.  Chaplin  is  jii.sl  n  liUIr  iK-tfer  than  hia 
imitator,  but  it  is  this  small  increment  whi(di  is  of  i;reatest 
value  becatise.  as  'I'horndike  ])oints  o-it.  ".  .  .  they 
occur  seldom,  become  famo.  s  and  are  •riven  larpe  tinancial 
returns.'  Thorndike  show-  that  thou<rh  we  may  .judfife 
diflFerences  in  in  lectnal  i)rodncts  near  the  middle  of  tlio 
human  ransre  by  tnoir  intrinsic  (piantity  and  quality  we  shift 
our  basis  of  judjiment  as  the  limit  i-  approaclied.  Thorn- 
dike  is  skeptical  about  the  lojuric  (d'  tlie  "times'  judirment  in 
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U"'  |".iiit   IS   IM..IV  ,.„silv    il|„sfnif<.,|   in   tli<.  .lis- 
|-nHs.on    ot    ..M,,n,vc,„,,„.    a-    i,    i,    .,„i..r    ,.,    „,.    „,„,    a„ 

»m,.n.vn..,.nt  tn.m  j„s,  i.,.i„..  al,!..  ,..  ..Iv..  f •  ,.,.,|,|.,„,  .,,, 

"""«"•;   '••    |.-t    iK.i,.,.  al.l..   ,u   ..Iv..    Hv..    ......   .:,,.,.,..    is'., 

''l'<'.^_HlM.r  ,|,ft..n.,.t    i.npn.v,.,,,.,,,    ,•,...„.    t..„    t,,  H-v,.,.  " 

!""'•■  <'"i'l"-  flii.t  liav,.  Iht,,   niis,.,|  ,1 ,   ,1..,,,,,.,   f,^,„ 

""'  ""P'Tianc,.  uf  th..  ,M..asn.v.M,t.ts  l,„r  sujrp.st  thai  fhov 
.m.v  l.av,.  n..,  v.,  .va.-l....!  a  .stal..  ..f  p.rf.vf i„n.  h,  anv  ..wn't 
tli.-r..  \v,i  ahvavs  n-niaJM  >..,„,.  ,.|,.,..,.nt-.  an.l  v.tv  .|,.-iral,|o 
••"•'^  i't  that,  ut  Minital  al.ilitv  which  ,hfv  nl.j.Ttiv,.  M,..as„ro- 
""■m.      A,„l     lik,.„-iso     ....-tain     as,,,...,:    ..f'    ,1.,     ...a.-h.-r'. 

n.Stn...|,„M   Will    IH.V.T  show   ,an-i|,|,,   ,,..„|,,.        S.,   in„.r  „s  ,l,i, 

r.-ma,ns   trn,.  ,h..   ,,.«„•  |M-.la,ir..j.ni..   .-an   1m-  .h.|„,h..|    i,,,.,   the 
Mu'i    ,ha,   his   n.war.l   i,   ....t  uf  thi«  ..arth.   I.n,    tha,    h.-   is 
Javmir    n,.    in,,«nr,.s    uh.T..    n.-ith.T    math    i.ur    nisi    ,loth 
<-<.r-i-M|.i  an.!  uh.T,.  ihi.v,-  .in  i,ui  |„val<  ilin.Mirl,  ,„„]  .,,,,1 
li  >h..i.M  als„  |„.  „.,„.,|  that  rh..  ti.-j.!  of  what  w  mioht  .-all 

'"'■     •■"■••l""<|"r"     ,.f    arithin.-ti.-     has     harr-lv    1 „    onfml 

X'vral    fxiKTiiucnts    hav    1.,.,.,,    lit-'hrlv    .l.-M-riii.^.I     i„     the 
riv,-c.|iiitr  pap.s.      Manv    ,.u.tt,.r-   awai,    fiirth.-r   vrifl-'ati.,,, 
r.ii.I  inai.v  „th..r.  s,.i,,„iH,.   <t,„i.v   ajonjr  ih.-  lin.-.  of  ospwi- 
niciital  i.iv.-tioatiun  (.anicilariv.      TlaMV  i.  uM.allv  a  protest 
v.hfii   any   pn.pns..,!   ..haiii--..   is  i„o<>t..<|   an.l   a   irfiioration   or 
i.ioiT  nni.y  pass  \yoi\n-o  the  iniprovonioiu  is  Hnallv  a.loptr.l  an.l 
w    \v..ii.l..r    h.nv   ..nr   "fatlHTs"   ,.„„1.1     haw    i.....n    s,,     ,1.,„. 
)'.  roco^nnzc  its  „,r>rits.     Tho  historv  of  th..  rlov..l..pni..nt  .,f 
tJ...  sr  ,,o..r  IS  roploto  with  sn.-h  instances.      The  intro.lnction 
ot  nnr  pivM.nt  system  of  nnmerals.  the  ..s.ablish.nent  r,f  onr 
symbols   of  operations.    ,l,.cimal    frarti.^ns.    et.-..    are   a    few 
cases  in  point.      Kntnrc  generations  will  nr,  ,loMl,t  rerranl  ns 
ns  we  (]o  the  past  ironeratioiis.      Fo,-  instance,  whv  cannot  wc- 
i.-Iopt  th..  n...tri,.  systeni  '.      The  past  has  -..en  several  improve- 
inents   m   !nultipli<>ation   an.l   .1, vision,   whv  are  we  <o  slow 
in  adopt.nn:  the  practice  of  plncin-  the  quotient  alnjv..  the 
'liVKlen.l  ,n  l.-n-  .livi-iop.  instea.l  of  to  the  riirht.  and  thus 
It'ftincr  the  .l,.cin.al   point   take  care  .,f  it-.-lf  ?     Whv  ,|.)  wo 
persist   11,  s.,lvin^  '-fJo.Mis  m.1.1   f,.,.  $;5{m;  at  a   lo«  nf   ]()%  . 
vnd    the  c.xst.-   in   this  way:     !.(t^;    „f  ,.ost   ..f  ir.^,>,|s    etc" 
wlien  w<.  nn^.-ht  jii.^t  as  w..ll  sav  !t.,-r=.$;{or,.  et...      Ea.-h  .'one 
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A  frw  ..t  iIm'  |m.-^         liii.N  of  iiivfi.tivati..ii  )ii,,iitr  the  lirif 
of  t..clini.|n..   will  «Mirp>l.-l.      Srvoral    Iwn.    ;.i,va.lv 

U-iu  hiuu;\  III    '•.,    ,  ^,  ,  ,  I,..  ,}„.  !„..(  arrniiarcMi.Mt  ,,(  inimU-r 
pu-iiire,.  valiH-        mu.il.       f  .riiis  um-  ..f  phiv  an,]  nnvaliMM 
etc. 

\V<.  liavc  ain     ly  , :  that  tb.'  muiiiImt  ranirr  in  (ir.i.lr  I 

shuiil,!  I.C  l)rua.|«.  ,  ■.  .^  ,,',!„  tl'  -  lar-r  raiii:,.  ^Ii-.mI.I  .M.,„ip 
vomiuufT,  ,„,.h  ..,  ,„    .  .     ,•      -  I,,.  ,,^^,,,^.  , .,^  ^,.  ^;^ 

■■''«""""^'-"    "'•  Ml    alMl    -llnl.M    u.ii,    „„,il 

"■'•  "'■'^  'lonimjr   A  ,  .    ,1  ,.     ■.  ,,|.,raiiu„f     Sl,.„il,|   „ot 

rouiitinphackwanl    v  ;„a  .I'ai.i  |.rarti,.,..  a«  l!n,wnc 

Mi;;V:<-sfs.i  s..  as  f.  rcn-t  ...,,  .,,..  .„iliiiaciiv(.  ii>.(.riati..ii,  anj 
thus  roMiIt  ill  (_■(  ,ji,,iiiy  in  ih-  op,. ration  ,,(  ^nhfraftirin  ? 
Within  tiii-  l)m!  .icr  Mist  year  r.nin,..  .„v  1  t,,  Kio.  i.  it 
JKJvisaMc  wIk'h  t,  .ichiii-r.  .sa,\.  4aii.l  !i  aiv  l':;.  i,,  als,.  tra.-li  ili.- 
fvf.Misioiis,  a-   14  an, I  :i  aiv  j:',,  Ji  aihl  !>  arc  ;::;.  ,u:  ( 

Ft  would  sccMii  ihat  further  invc-ii^ratiun  almiL'  the  line 
Mi^^frcst<'(|-'  in  order  to  cstal.lish  what  miiniwr^  aiv  fav  .nrit.'s 
what  conil.iiiatioiK  are  in  irf.„,.ral  dith.-iilt.  etc..  wunld  ho 
worth  whili-  .M)  that  the  rea.-her  W(.iild  ha\c  -.mi.,  -nidc  a?  to 
llic  order  nf  the  nnml.er-i  tn  he  taiiirht  n-  wvll  a-  what 
pai-ticnlar  conihinations  *iiuiild  iref  extra  drill.  I'l.i-  wr>iild 
'liiiiiiiiife  the  wasteful  uvcricaniina-  of  fa,-:-  wlii.di  cnnio 
ea-ily  tc  the  child.  .\re  tliciv  aiiv  hasic  conil.iiiiiti..iis  wliich 
should     he    tanyhf     first:'        I,,     t..arhiiii;    >•■.,,, I, i,ut  ions    wc 

ordinarily     teach     :i  +  4  =  7     and     latterly, 


4 


Is  this 


econoiiMcai     as     well     as     psycliolo^i.-al  f        When     tra.-liin- 
,"4-4^^7.  should  wo  ininiediatcly  ica<'h  44-.'i — 7". 

I'lMler  present  practice  the  <-hild  eventiiallv  learns  the 
!iiidtiplicfllioii  tahic  in  order,  thus:  4>':. --Jd,  4y(;=-:24. 
-IXT-^i's.  etc.  fs  there  a  hetter  order  a-  lirowiie  would" 
M'em  to  hint^  Is  his  contention  sound  that  hv  ,arlv  use  of 
the  coninintaiive  law.  .t.  .'!XO=^!)x:!.  the  tahl.-  coiihj  I 
(lit  in  two  ? 


)e 
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'  ■"  \iihIh:iii  .ti  uri;i!  ni   I'm  ihoiopy,"   lllllti    i 

]r,2 


)  'Ml 


M^~^^m!WW' 


Ali.in-  pnpiK  kii.Mv  tlioir  ..iim.Ih.,    fa,.f«  j„„|  ,,1,1  -  I  ,  , 

:;t;:';:::: -" """- -'".-..'';;;::;;;;:,- 
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Arithmetic 
xperiments  in  Educational  Psvcl 


E 


logv 


iO- 


it 


h  I 


Stone  and  Mills 

Siizzallo 

'riiorndike 

Wiitson 

\Vhii)p]e 

White 

Wilson  and  Wilson 

W()(I(1_V 

^'oung 


Aritliiiictical     Ahilltirs     jind     Some 
Factors   Determining  Them 

Arithmetics 

The  Teaching  of  Priiiiarv  Arithmetic 

Educational    Psychology    ( IJriefer) 

Outlines  of  Philosophy 

ilanual  of  Mental  and  Physical  Tests 

Scrap    i)Ook   of   Elementary    Mathc 
matics 

^iotivation  of  School  Work 

Measurements  of  Some  Achieveuients 
in  Arithmetic 

'iVaching  of  Mathematics 


Access  was  had  to  mimeious  journals  and  magazines, 
^^uch  as  Kiliicational  Koundaiions,  Kducatioiuil  Ke\  icw, 
KdiicatioM.  Klemeutary  School  'l'c;icli(>r.  1  MS|iect'irs'  Iie|iort-' 
tor  Province  of  Saskatchewan.  American  -lournal  of  Psvcho 
logy,  .l;)urnal  of  Kducational  Psychologv.  Teachers  College 
ilecord.  Pedagogical  Seminary.  Veiii  IJooks  of  National 
Society  for  Study  of  Education,  various  Courses  of  Study, 
arithmetic  texts,  etc. 


ir.G 


^^,^-^^^"1^^ 


^y^^rrm' 


APPENDIX  H. 

Nu,..i.,.,;s  1  tolC.  Ea«y  munori.al  roh.ti.ms  in  frroupii... 
«n.I  .s<'I..n.mn,oI.j,.,,s;  .oMil.inati.ns  an,l  ..parations,  1^1^ 
Jng  snc-h  incnta]  work  as: 

4+5  = 
10-3  = 

4X2  = 
A  half  of  6  is'.' 
How  many  ■fours"  in  S? 

^^l-s-  nf  aritlMuctical  sijrns  nocssary  in  oxpn.sin.  the. 


esc 


an 


("< 


Wjf 


..Munnn  nnits  of  nu.asuroMu.nt :   inch.  ,,inr.  .jnart.  dav 
K,  five  cent  iind  ten  ci'iit  coins. 
Oral  -..hinuns  of  ,.asv  prohk-n.s  l.as.nl  npon  the  almvc. 
Ji.—  llornrr   Mann   Klmieiilnrij  School. 

,  '""•'•'Inc'tory  note:  Ti...  First  (irado  ai.us  ,,nniarilv  to 
*Jcv..Iop  th,.  tnunlK..-  concept  l>y  takin,-  advantage  of  tl.o  nanv 
*Hf.F-r.nn,„cs  f.„-  teaching  nun,!.,.  ..IVrcd  1.-  the 
xanous  ,lass  n.oni  activities.  Detinit.'  nuinher  work'within 
th*- J.niitsnt  I  ,u  100  is  also  given. 

FIRST  GRADE. 

'n.e   chief   i,i,n    i„    ,|,i,    „,,„!,,    i^    ,,,   ^,^,^.^|_ 

••""71;    i'v    '.s.n,-    th,.    children's    nnndwr    .-n  vrienee  . 

.    nr..,|s  fn,.  ,.„„,„i  ,,,  comparing  and  nieasnrin-^ 

twos,  ch.hlren  seated  hve  in  a  row.     Cunm\n^  pnpils  in  the 
-!a.«--.v  ;.;.,d  .noudi  p;,prr  for  thorn. 
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Heading   Numbers— F&gea  of  books;    calendars;   street^ 
signs;  house  numbers;  Roman  numerals  to  XII  in  the  study 
of  the  doek  face. 

WrUing  ynmhers—^SiMiAms  to  100.    Attention  is  given: 
to  the  c'orrcoi  formation  of  ti<iiiros.  csi)ecially  4,  8,  7,  !). 

Measures— Day,  week,  month,  year;  cent,  nickel,  dime,. 
dollar      Measuring  materials  used  in  industrial  arts,  involv- 
ine  the  use  of  inch,  foot,  vard,  pound,  dozen,  half  <U«eu; 
the  fraction  oncdialf  inch;  e.g.,  measuring  the  materials  for 
looms  and  counting  the  nund)er  of  nails  needed  for  them. 

Apprcviinale  <tml  K.vact  Cumparisoii  of  .Size  und  Xumher. 
—  \pi)ro\imate  comparison,  e.g.,  Laura  is  taller  than  Milton ;- 
:^Iargerv-s  score  is  larger  than  Herman's.     K.xact  comparison, 
<.r/..'"this  block  is  twice  as  large  as  that  block. 

Addiliou  and  Suhtrnrliuii—'S\ui\hvrs  suggested  by  games 
and  other  interests  of  children. 

y^/'o^/f/xs— I'roblems    saggcsted    by    children's    interests- 
and     experiences.       Children    are    encouraged    to    suggest 
problems. 

Gmnes—lieau  Bag;  Marbles:  Odd  or  Kvcn :  King  Tuas;: 
Hull  (iull;  Dominoes;  Guessing  Game :  Tair. 

C—MiMurrg's  Suggested  Cour.^e. 

FIRST  (;IJ.\1)E-  iXClDKNTAL  .XIMIJEK  WORK. 

In  .mr  course  of  studv  we  have  made  no  provision  for 
n-oular  ninnber  work  in  the  tirst  year.  Our  presumpt.on  is- 
that  it  is  better  for  children  of  this  age  to  gather  number 
exi)erieuces  incidentally  from  home  and  school  (Muployments. 
The  rcndar  and  systematic  drill  on  numlier  eombmati.Hi.s  in 
the  tirs't  year  .seems  to  us  premature,  au.l  the  tinu-  thus  siMjnt 
can  l)e  better  employed  in  widening  a  child's  expcrienc(;.s  in 
nature  and  in  human  ati'airs.  With  this  accumulation  of 
experiences  and  with  greater  maturity,  children  may  grapple 
Avith  number  more  eflFectively  the  second  year. 

The  recent  wideniui--  of  the  activities  of  i)nmary  children 
into  nature   study,   school   games,   literature,   drawing,   and 
constructive  arts.'iriv<-s  a  much  richer  mnnber  exi-erienc-e  ii^ 
the  first  vear. 


i.-.s 


I<v  in,M.l..iital  imi.ilM.r  work  it  is  moant  tlmr  wlicro  (inaiiti- 
lativc  relations  an-  present,  enoujrh  attention  shall  1m-  mwu 
to  tluM.i  to  make  the  i,h-as  ,■!,,„•.  This  is  ,h.sin,l,h.  ..ven'fro,,, 
■•li.'  sfan.lpumt  of  nature  stmlv.  of  stories,  mm.1  of  .•onstri.rfive 
ex.Teise.-,  efe.  H„t  this  .-an  Ih-  .-asilv  ovenlone.  It  is  not  our 
aim  to  niak.-  eonstruetion  or  w.-ather  stu.iv  nierelv  a  vehicle 
tor  i.nnirino  out  nuiuher  n'h.tions.  The  i.lea  is  to 'jet  nun.l>er 
Kieas  iivow  naturallv,  and  not  to  force  them. 

The  foilowinir  outline  indicates  a  few  of  the  instances- 
uhere  nui.ii.er  appears  an.l  can  reciv..  this  incidental 
attention: 

1.  The  numher  of  chil.lren  in  the  school  and  in  ditTerent 
classes.  1  he  relative  numher  of  hovs  and  »ivls.  'i'he  school 
<-nrolment  an.l  mimU-r  in  attendance.  Ahsences  and 
tardiness. 

2.  Distril.utini--  and  collectina;  materials  fo,-  class  use  a.* 
pencils,  hook.s,  pens,  hlotters.  A  monitor  f,.r  each  nnv  can 
report  the  niimiier  needed  for  use  in  his  row. 


i:.!» 
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APPKXDIX  C. 
NLMUKK  (iAMKS. 

'I'licsc  arc  arrani-cil  alphaln'ticalh-,  not  in  order  of  iisr  in 
tht'  «'lass  room. 

Aittiiiid  lltr  Ciirh — The  (lijrits  arc  arranircd  in  tlic  form 
of  a  cluck  face  upon  tiic  blackboard.  .\nv  nnmlior  of  those 
dijrits  mav  he  nsed  to  tit  the  {jrade  of  work.  A  dijrit  is  then 
placed  in  the  centre  and  the  nundn-rs  are  mnltiplied  in-  it  as 
rapidly  as  possiltle.  If  a  pointer  can  lie  made  to  swinji  on  a 
pivot,  the  iiamc  mav  be  varied  bv  takinjr  the  number.'*  on 
which  the  pointer  rests.  The  frame  can  be  varied  so  as  to 
relate  to  addition  and  .subtraction. 

liitrk-ijittninon — This  well-known  oame  involves  Imtli  addi- 
tion and  subtraction. 

li<ts<hnll  /'('iccnhti/rs  -I'hi-  averajics  of  the  team  in  tlie 
school  or  in  the  national  leagues  arc  always  interestinfr  to  the 
lM>ys.  The  principle  may  also  i,  applied  to  the  players" 
avera<res. 

J!('ini  lliu/-  Kacli  placer  throws  two  licaii  ba,i;s  at  a  board 
iu  which  tlierc  arc  iiolcs  of  dilfercnt  sizes,  the  count  for  each 
iH'injr  ditfereiit.  .\  better  way  is  to  play  a  fri'oti])  a,2"ain.st 
iinotiicr  liioup  liaviui;  scorers  for  each  si(h'.  jjy  making 
penalty  holes,  subtraction  may  also  be  introdiioed  into  the 
game. 

/>//v/  ( 'tilchcr-  A  variation  of  tills  well  known  siaine  is  to 
liavc  the  children  sit  in  a  i-ircle.  each  takinc;  a  number.  The 
jMipil  ill  ilic  centre  iiives  easy  e\aiii|ilcs.  When  a  result  is 
th<'  nuiiilier  of  any  jnipil.  lie  holds  uj)  his  hands.  When  a 
nnmb<'r  already  ai:reed  u|ioii  is  the  result,  all  hold  up  their 
hands. 

llhif Llidtirt/  L'chiji — The  class  is  diviiled  into  sections 
haviuir  ('(pial  numlK'rs.  The  leader  is  given  a  piece  of  chalk. 
At  tile  word  of  command  he  jroes  to  the  board  and  does  the 
<^\ample  assijined  to  him.  retr.i'niiii;'  to  the  next  child  when 
he  has  tinislied.  and  so  on  to  tlie  last.  Correctness,  neatness. 
jind  iiood  order  may  be  made  factors  in  winnin<r.  Any  errors 
in  the  work  may  be  coriiM'ted  by  a  succeedinsr  pupil,  this 
kee|tiii^  in  mind  not  merely  the  work  itself  but  also  the 
formation  of  the  (je-^jred  habit, 
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>i mis  A 

ADDITION    SCAI.K 

Hi  I  l,JT„r./  If,,,,/,/ 
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( '<iillily 

N.iiiii' 

Ulicii  is  yiiiir  iH  \t  l)iithil.i\' 
■Vrc  yon  ;i  |„.y  or  ,.,  yj,.|' 
'ri'Mchii's  iiimic 
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I.)       in      -27 


'-'+.-  +  1  - 


'I'"  .11)  .|L-,  ,|;,, 
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33 
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12 
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il7. 
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1 0.7.-, 
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.28 
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4  yr.  9  mo. 
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.95 
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.56 
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NKHIKS  A 
SrnTHACTION    SCALK 

Bh  Clifford  H'lxWi/ 


"Q*y  County  .. 

■^**     Sduwl  

'When  18  ynur  next  birthday? 

Are  yoM  a  jK)y  or  a  girl?  

Teaehcr's  nftmc 


(I)         (2) 

t        fi 
5        0 


m 


(4) 

3 


4 
4 


(ti) 

II 
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N'hiH)l 

IhiU- 

How  old  will  you  ho? 
In  what  grmlc  arc  vou? 
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>KK1KS   A 
Mri/nPLH'ATION    SCALK 

liil  Cliffiiril  H'ihhIh 


City  Cdiintx 

D.iti'  Niiin 

WIlI'M  I-  N'MII   IHAl  liir'liil.iy"' 
An'  vi>u  M  Imi\  iir  :i  tiir\'' 
Ti'iichcr's  iKiiiic 
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SERIES  A 
ni  VISION    SCALK 

Hy  Clifford  M'lhxtij 


^'*y  County 

Date  .\,„n,, 

When  I-  your  iioxt  birthda>.' 
Arp  you  «  boy  or  «  girl? 
Tcuchrr'"  name 


School 

How  (ilcl  will  you  l)('? 

In  what  grade  arc  you? 
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4+2  = 

'") (14)  a:.) 
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9  rati         3739 
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9  To"  1  fir      «x      ..-30        2  113"      2  +  2- 
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««i2108        50-r-7^ 
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13  ["66005 
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23  i  469 

(27) 
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(31) 

5      3 

4      5 
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iJ2.50  +  li 

(19) 

248 -s-7- 
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2. 1  )"25r2~ 
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(32) 
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(35) 

531  ;  37722 


(33) 

52T3756 


(39) 


9  j  69  Ib8.  9  oz. 
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AIM'KN'IHX   K. 
SKIWKATK  TVI'KS  OK  KXAMPI.KS  IN  THK 

()i'i:i;.\Ti().\s  WITH  intkhkhs.' 

Aflililion  .\>l.litinii  cuiiil'iMatiims;  siiiirli'  i-ohimii  mMi- 
•  ion  i»t'  tlircc  tiiiiiii's  ciicli :  '•Itriilninu  tli<'  tens"  os  ;;s  ,; 
c-(»liiiiiii  itdtlitioii,  seven  tiuurrs;  cjirn  iiiu: ;  cohiiiiii  adiliti'.ii 
with  iiiiTcascil  nttciitiuti  span,  tliirtccn  tiunirs  in  tlic  I'olumii ; 
addition  of  nnniU'is  of  dilTcrcnt  Icnjrrhs. 

Siihlrarllini  Snlitrm-tiiin  cdiMlMiiations ;  siiliHiHtiun  ><i 
!»  or  less  from  a  niinilicr  of  two  diiiits.  Itotli  with  and  without 
vinipic  "'iHirrowinu"  ;  snltfraction  involvin-r  Kurrowinfr. 

.I/«//(7'//V'(//fy/»--Mnltipli<-iition  coniliinatinn' ;  niMltii>li- 
caiid  two  dii-i's,  nndtipiicr  one  di;i;ii.  and  no  carrvinp;  sanic 
as  tlie  prcccdinu  luii  with  I'arrvin-r;  lonii'  Miidtiplication.  with- 
out carrving;  /i'ro  dilhcnlfii  s;  I. mi:  nmltiplication.  with 
earning. 

Dirisinn—])\'^  -ion  i-ondtinaiions,  siniph-  division,  no 
ciirvini:.  -anic  ;i  iIh'  pn-.-edin-  l.iii  willi  carrvini:;  Ion- 
division,  no  carrving:  /f-ro  dirticnllies.  withont  carryinsr.  h>n«r 
division,  with  carryinsr,  "lir^-t  case."  the  tir>t  tiirnre  of  the 
divisor  is  the  trial  ili\  isor  and  the  trial  <piotieiit  is  the  true 
(Hiotirnt;  "seeond  ease  where  tlie  trial  divisor  is  the  (me 
larger  than  tlu'  tir^t  figure  -.f  the  divi.leiid.  hut  the  trial 
(luotienf  i  the  true  cpiotient  ■."  "ihird  ea-e.  where  the  tir-t 
tignre  of  the  .livi-or  i-  ih-  trial  divi-or.  i,iil  ilie  inie  (piotieul 
i^'"one  smaller  than  llic  trial  (pioi  i,  ni  ;■"  "fonrth  case,  where 
the  first  tignrc  (d'  the  .livi^.r  miiM  i.e  iiicieaMd  l.y  one  to  get 
the  trne  <|Moiienl." 


'  Adapt<Ki  bv  Monroe.  De  \  ..>s  uiul  K-.-lly  hr.-.u  C'=,urtis:    "Maninl 
for  Courtis  Standard  Practiro  Tests" 
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better  symbol;  and  the  reason  is  that  here  is  on-  of  the 
verities  of  the  universe." 

(5)  Mathematics  makes  one  conscious  of  his  position  in 

the  universe  around  him.  •»       » 

(6)  The  study  of  mathematics  gives  humanity  a 
religious  sense  that  cannot  be  fully  developed  without  it.  "In 
the  history  of  the  world,  mathematics  has  its  genesis  in  the 
vearning  'of  the  human  soul  to  solve  the  mystery  of  the 
')ini verse  in  which  it  i^  a  mere  atom.     ... 

(7)  The  history  of  mathematics  is  the  history  of  the  race. 
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